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BIOLOGICAL 
DISCOVERIES AND PROBLEMS. 



The contents of the following pages are designed to be a 
repetition and an expansion of certain lectures upon Biology 
delivered by the writer, at South Place Chapel, Finsbury, 
in the year. 1S80. The volume, like the lectures, is 
•designed to make the minds of students more familiar with 
certain of the most recent biological discoveries, with the 
large problems in respect to living beings that are under 
discussion to-day, and with the precise meaning of the 
scientific terms used in narrating the discoveries and in dis- 
cussing the problems. These terms are indeed becoming so 
largely part of ordinary conversational English that it would 
seem well to endeavor to render their significance as clear 
•as possible to those who are doomed to use them and to hear 
them used. Much originality of matter will therefore 
3^either be expected in these pages nor will it be forthcoming. 
The writer desires to play the part of intellectual middle- 
man, and present the discoveries, the definitions, and the 
theories of the great thinkers upon living things in con- 
•densed and, it is hoped, in simple form before those who 
may not have the time to study the masters at first hand. 
The plan of work will be as follows. I. General introduction. 
II. Science and its divisions. III. Matter and motion. 
IV. Biology. V. The terms employed in the study of 
Biology. VI. Morphology. VII. Physiology generally. 
Vin. The special physiology of Reproduction. IX. De- 
velopment. X. -ZEtiology. XI. The evolution of Life. 
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CHAPTER I. 

Geheral Introduction. 

A. ITi<w and why. — Various dcfinltloDs of man have beett' 
suggested. It if believed that amongst tliem, up to the 
present time, the deAnitioD of Man as & questioning aainial 
has not appeared. Of the multitudinous queries ever rising 
to the lips of humanity perhaps the two most frequently 
repeated are, How and Why. We are always questioning 
a.s to the manner and the causes of things. Unfortunately in> 
too many cases the question as to causes precedes that as to- 
manner. The proper sequence is, first. In what manner do- 
i\\cfe. phieDomena occur? then, What is the reason of them? 
The young are all too ready to attempt to give reasons for 
things ere tbey have in any way fully understood the things. 
And what is true of the young individuals is true of the 
youth of the world's thought. The early thinkers were far 
too anxious to explain the origin of things ei-e they under- 
stood the nature of the things. Hence theories as to the 
universe before the parts of the universe and their relation 
one to another were at all comprehended. But to-day, after 
some centuries of patient enquiry into the manner of 
phainomena, after much answering of the query, " How ? " 
it is possible to some extent at least to give some answer 
to the question "Why?" and to attempt to explain the- 
paths along which phtenomena have moved in reaching pre- 
sent conditions. Or looking at the matter from another 
point of view, collection of facte must precede generalisation. 
The tendency of youth is to form generalisations from few 
facts. The aim of the scientific thinker is to collect a large 
number of facts and thence to arrive at the one large,, 
general idea running through them all, linking them all to~ 
gether. Many facts have been ascertained. Their number 
hourly increases. The time for generalising in some cases 
at least has come. Hence in this volume though the account 
of the manner of phenomena, the recordal of facts will 
not be wanting, yet will this be in the main subsidary to 
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the presentation of some of the chief generalisations that 
have been made in recent times. 

B. Teleology, — ^The usual reply to either of the important 
•questions to which reference was made under the last head 
'is '*g. o. d/' This is considered generally sufficient to 
satisfy the enquiring mind of the child and indeed of the [ 
adult Assuming the hypothesis of a pei'sonal, intelligent, 
planning and directing god, everything is referred to as the 
outcome of his will and design. And this is Teleology, an 
•order of thought, if it can be dignified with that name, 
fittingly derived from nyXc, afar off. For in Teleology 
»the thinker looks so far off for a cause or an explanation of 
that which is, that he generally fails to see what is im- 
inediately under his nose. In the work lying before us this 
•method of explanation will be entirely rejected. 

c. ^^^ Objects of structures,** — Rejecting thus all teleological 
'explanations, it is evident that the frequently recurring 
phrase, " the object or pui*pose of certain organs or structures" 
can no longer be used by us. It was, and in some cases still is, 
the fashion to speak and write glibly enough that the purpose 
of certain parts is to perform certain functions. Thus the 
•object of the peculiar structural arrangements of an Orchid 
flower would be said to be to enable the visiting insect to 
'Obtain honey, and at the same time to cross-fertilise the 
Orchids. Such a phrase as this, implying as it does, a 
directing agent outside Orchid and insect alike, cannot be 
•employed by us. All we can say is, that certain results 
follow at the present time from particular structural arrange- 
ments. And we shall see reason to believe as we pass on in 
our work that the structure of parts is by no means the 
>cuuse of their functions. Nay, the reverse would appear to 
be the truth, and it will be shown in the sequel that in all 
probability function is the cause of structure, and that the 
ipeculiar arrangements in the Orchid flower and in the 
ausect-head are determined by the functional relationships 
between these two forms of living beings. In brief, function 
is the cause of structure, not structure ihe cause of function. 
We must therefore carefully avoid on every ground the in- 
accurate phrases as to the purpose of certain parts and use 
the more accurate statements as to the results flowing from 
<:ertain special arrangements of structures. 
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CHAPTER II. 
Science and its Divisions. 

A. Sciencp, It is here needful once again to call to mind* 
what is meant by the greatly misused word Science. De- 
rived from scio, I know, it has for significance " the sum of 
all knowledge." 

B. Its divisions. An old world distinction is still tolerated 
between those branches of Science that have to do with 
matter and those that are supposed to have to do with mind» 
Hence division by many of the sciences into (1) Physical or 
Natural Sciences (from <^vcrts, or from natura^ nature),, 
having to deal with matter ; (2) Metaphysical or Super- 
natural Sciences (from /acto, beyond, or from super y 
above), having to deal with mind. To the present writer 
no distinction between these two sets is known. Mind is so 
essentially a function of matter under particular collocations 
that he is quite unable to make any fundamental separation 
of the study of mind from the study of matter. If mind- 
study is to be fundamentally distinguished from matter- 
study, and is to be labelled Metaphysical, while the latter ia 
only to be named plain Physical he must claim place by the 
side of Metaphysics for the study of contractility, of vision,, 
of bile-secretion, of multitudinous other functions. For 
it would seem that contractility is not more a function of 
muscle and of protoplasm, vision is not more a function of 
certain arrangements of matter known as eyes, bile-secretion 
is not more a function of certain arrangements of matter 
known as hepatic or liver cells than is mind a function, 
of certain arrangements of matter known as cerebral' 
or brain structures. It is fully time for us to recognise- 
that the old distinction between mind and matter, between 
Metaphysics and Physics no longer exists. The sole object 
of man's study is matter in its various forms, and motion. 
as affecting that matter. 

The old-fashioned division of the objects of man's study ut 
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now given under protest, not against the order of succession^ 
bat against the division into two main branches : — 

r Mathematics. 
Physics. 
Physical or Natural... < Chemistry. 

Geology. 
I Biology. 

" ^'^^i^'l"^^^^^ ,,^'1 Mental Philosophy. 
"Supernatural .-I Sociology. / ^ 

C. Consideration of each of these divisions of science, 

(1) Mathematics. The foimdation of edl science. Its 
derivation from /xa^/xa, the thing to be leame^, points to* 
this position. No one of the sciences following can be 
studied with full profit by one unacquainted with the prin* 
ciples of mathematics. In fact, it may be said generally 
that complete comprehension of any one of the subjects 
named in the above list involves acquaintance with each of 
ts predecessors. Mathematics is the study of number,, 
quantity, figure. 

(2) Physics. (/»vo-is = nature. The study of facts true 
of nature generally : not of any special kind of matter. Thus 
facts relating to minerals alone, or to plants alone, or to 
animals alone do not come imder the range of Physics. But 
facts true of minerals, plants and animals come within its 
domain. That there are three forms of carbon — viz., dia- 
mond, graphite and charcoal — is not a fact of Physics. 
Neither is the statement that ovules are ripened by pollen, 
nor the statement that a man has seven neck vertebra3. 
But the statement that all bodies attract one the other ex- 
presses a fact that beloUgs to Physics. Strictly, the study of 
Physics is the study of distribution of motion in the universe. 
This will be more intelligible when the meaning of the two 
terms Matter and Motion is rendered clear. 

(3) Chemistry. No very satisfactory derivation of this 
name is known. Chemia, the old name for Egypt, and 
p^^os=a juice or liquid, have been suggested. It is the 
study of the composition of bodies. In fact, in dealing 
with Chemistry we investigate the forms of matter entering 
into different bodies. And in the fact that the study of 
Physics or of distribution of motion precedes that of 
Chemistry or of distribution of matter we have another 
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iUnstration of the fact to which already reference has been 
made, that change of function precedes change of structure 
always. 

(4) Geology, from yi;, the earth, is the study of mineral 
matters or matter in its most lowly organised form. Here 
rocks and stones, though let it be remembered rocks and 
stones that are often the product of animal or vegetable 
bodies, are the objects of study. 

(5) Biology, from )3tos, life and Xoyos, science is the study 
df the phaenomena of living beings. This will be our espe- 
cial study in these pages. 

(6) Logic from Xoyos, is the science of reasoning. At 
present the capacity for reasoning is said to be re- 
stricted to animals. Hitherto no evidence has been 
forthcoming entitling us to believe that plants reason. 
Hence Logic is a special branch of Biology that has not up 
to the present had to do with beings other than animal, and 
has as yet extended its researches but little beyond man. 

(7) Mental or Moral Philosophy is the study of mind or 
the especial function of brain matter. This science, also in 
its infancy, has at present only investigated with any degree 
of fulness or accuracy the brain-functions of the hif^hest 
animal. 

(8) Sociology is the study of plants and animals in their 
complex relationships one to another. It studies not so 
much the individual as the aggregate. This branch of 
science also has been confined in the main to the relation- 
ship of man to his fellows, though the recent investigations 
of Darwin, BUchner, Forel, Huber, Moggridge, demonstrate 
to us very forcibly that this study will at least have to 
take into account ants and their habits, and probably yet 
other instances of animal societies. 
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CHAPTER in. 

Matter and Motion. 

The relationship between the chief divisions of Science 
has been pointed out From that which has been 
said akeady it will be understood that an accurate know- 
ledge of Biology implies acquaintance with the general 
principles of other branches of Science. This will be ren- 
dered yet more evident if we commence our investigation 
'of Biology by explaining certain general physical principles, 
the due comprehension of which is essential to the under- 
standing of problems that relate to living beings. 

A. Work and Energy, b. Physical and Vital phaenomena. 
Under A. will be studied matter, motion, work, energy, con- 
:«ervation of energy. 

A. Work and Energy. — (1) Matter and Motion. — (a) 
By matter we mean the substance whereof the things in 
the universe are composed. It has various forms, but the 
-general name of matter is employed to include all. {b) Mo- 
tion is change of place. When matter is made to pass from 
<one position to another, it is made to move. Of this motion 
there are two kinds, (i.) The ordinary movement, as when 
a cannon-ball is hurtling through the air. This form of 
movement familiar to us every moment of our lives, is the 
movement of large mtisses, and hence is known as molar 
•motion {inoles=vi mass), (ii.) But suppose the cannon-ball 
«trike against a granite wall, and fall to the ground. Its 
molar motion ceases. It disappears apparently without any 
trace remaining thereof, for the granite wall, save for a few 
•casual chips flying hither and thither, has not moved. 
Touch however the wall or the cannon-ball. Each is hot. 
Heat has been given forth and the physicist will tell you 
>that this heat is a form of motion. It is not, however, a 
^orm of motion of masses, or of molar motion, but of the 
wery minute particles of bodies. Hence it is known as 
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molecular motion, from molecula, a little mass. Of this fonm 
of movement heat is not the only example. Electricity^ 
magnetism, perhaps life are instances thereof. 

The universe then is made up of matter in a thousand 
forms. The change of position of matter is motion. This 
al.'^o is manifold, but two main divisions are known. Move- ^ 
ment of masses or molar motion, movement of molecules or I 
molecular motion. The endeavor will be made in thes^e 
pages to translate all the phasnomena of living bodies into 
terms of matter and of motion. 

(2) Work. — When a heavy weight is raised from the- 
ground to a certain height, as when for example it 
has been placed upon a table, a certain quantity of 
matter has been caused to move through a certain dis- 
tance. A certain quantity of work has been done. Work 
is the moving of matter. To move a piece of matter, how- 
ever small it may be, through a definite space, however 
small that space may be, is to do work. In considering 
the amount of work done in any given instcmce two things- 
present themselves. The first is the amount of matter that 
is moved. The second is the distance through which it is 
moved. The greater the amount of matter that is moved 
the greater the amount of work that is done. More work 
is done when a cannon ball is lifted from the ground on to 
a table than when a bullet is lifted from the ground on to 
the same table. Again, the greater the distance through 
which the quantity of matter is moved the greater is the 
amount of work that is done. Moi'e work is done when a 
cannon ball is hurled a distance of a mile than when it is- 
simply carried across a room. Hence the amount of work 
done depends upon, or in mathematical language varies as- 
(a) the mass or quantity of matter moved, (b) the distance 
through which it is moved. To measure Work, therefore, 
we multiply the number representing the quantity of matter 
moved by the number representing the distance through whicb 
it has been moved. Thus we obtain an abstract number that 
may be taken to represent the work done. If a mass of 
4 grams is carried a distance of 5 metres, 5 x 43^=20 repre- 
sents the work done. If a mass of 20 grams is carried 
through 3 metres, 20 X 3=60 represents the work done. 
These two numbers 20 and 60 are not concrete. They are 
numbers representing the amount of work done in the two 
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oases, and they show that three times as much work is done - 
in the second case as in the first. Work, therefore, by defi- 
nition is the moving of matter. It is measured by multi- 
plying the number representing the mass or qiiaotity of 
matter moved by the number representing the distance 
through which the mass has been moved. 

(3) Energy. — The capacity for doing work. A cannon- 
ball speeding from the mouth of a gun has energy. It 
has the capacity for moving matter a certain distance. 
Thus it may batter down a wall and scatter the fragments 
in all directions. The energy of a cannon-ball in this case- 
is that form of energy known as kinetic (iciio/o-is^motion) 
The energy wherewith a falling stone smites the earth, the 
energy of an electrical battery in action, or the energy of a 
fire causing a bar of iron to expand and moving the atoms 
of that bar farther from each other, each of these is kiuetic 
energy. But consider the case of a stone supported on the- 
top of a tower, or oi the zinc and copper and sulphuric acid 
of tlie battery ere they are brought together, or of a piece- 
of water with its latent heat. The stone has the capacity 
for work, and if pushed off the summit of the tower will fall 
and do work. The metals and acid of the battery have the- 
capacity for work, and if brought together will do work in 
transferring the Hydrogen matter say of acidulated water 
away from the Oxygen matter. The water has the capacity 
for work, and if it is turned into ice will liberate a quantity 
of heat that can be utilized to set matter in motion. And to* 
that form of energy or capacity for work possessed by the 
stone on the top of the tower, by the zinc, copper and sul- 
phuric acid before they are brought into contact, by the 
water with its latent heat, is given the name '* potential 
energy." It is capacity for work, not yet in action. There- 
is the possibility but not yet the actuality. Energy is tlie- 
capacity for doing work. If the body is actually at work,. 
its energy is kinetic. If it is waiting to be at work, its- 
energy is potential. 

(4) Conservation of Energy. — ^Itis impossible to conceive' 
of the creation of matter or of motion. It is equally impossi- 
ble to conceive of the destruction of matter or of motion. 
The creation or the destruction of either is unthinkable, for to- 
think of the creation of matter, you have to connect in 
thought something (matter) with nothing. You have to 
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-conceive of a time when matter began to exist, and that 
conception must involve the conception of a time when 
nothing existed. So that to think of the creation of matter 
'OF the creation of motion, it is necessary to connect together 
two ideas, one of which is unthinkable. The same fatal ob- 
jection applies to the conception of the destruction of matter 
ur of motion. Matter and motion are to the scientific stu- 
'dent eternal. Thej may be changed into a thousand 
different forms, but they cannot be destroyed. The matter 
of a human body may become the matter of certain gases, the 
products of its decay, but there is only a change of matter, 
fnot a creation or a loss. The nerve and muscle forces of 
nhdX body may cease to act, but heat, chemical and electrical 
Tforce, are liberated during the decay of the dead body. There 
is only change of motion, not creation or loss. And the truth 
thus deductively reached is also established inductively. 
Experiment shows us that with all the endless transforma- 
tions of matter and of motion there is never any loss, never 
•-4iay gain. The amount of matter and the amount of motion 
in the universe is probably the same to-day as it has been 
•and as it ever will be. It is only the distribution of these 
twain that varies, never the actual quantity of either. 

The clearest enunciation of thb truth was made some 
'years ago by Grove. He it was who first distinctly stated 
the great principle of the conservation of energy. He pointed 
•out that if a piece of zinc and a piece of copper be placed in 
sulphuric acid, chemical action (one form of motion) takes 
>p1ace. Carry wires from the zinc and the copper and bring 
l,heir points near one to the other. An electric spark passes. 
Electricity (a second form of motion) is evolved. The 
spark is bright and hot; noise is heard as it passes. Light 
•and Heat and Sound (forms of motion) are evolved. Wind 
the conducting wire roimd a piece of soft iron and whilst the 
•electrical current passes the iron attracts other pieces of 
iron. Magnetism (a form of motion) is evolved. Place 
the ends of the two conducting wires in connexion with a 
fresh muscle removed from an animal. The muscle con- 
tracts. Life (a form of motion) is evolved. Finally, immerse 
the ends of the two wires in acidulated water and the Hydro- 
•^en and Oxygen of the water are liberated therefrom. 
*Chemical Action (a form of motion) b again evolved. Thus 
are all these different forms of motion linked together. And 
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further the quantities of eaeh evolved are definite and cal- 
culable. For every gram of zinc dissolved in the battery a 
definite and measurable amount of electricity, or of light, or- 
of heat, or of sound, or of magnetism, or of life, or of 
chemicid action is evolved. There is absolutely no loss,,, 
absolutely no gain. And the conclusion forced upon us by 
these and multitudes of kindred experiments is that whilst 
infinite transformations of matter are possible and occur, and 
infinite redistributions of motion are possible and occur, of 
creation or of destruction of the one or of the other at any 
time or under any circumstances there is no evidence what- 
ever. 

B. Physical and Vital Phoenomena, — ^From that which has. 
been said it will be gathered that a striking distinction has- 
been drawn between the phaenomena met ^dth in inanimate- 
bodies and those encountered in living beings. From that 
which has been said it will be gathered that many thinkers 
regard this distinction as non-fundamental. Whilst the 
mass of mankind still look upon the modes of motion notice- 
able in plants and animals as not translateable into ordinary 
physical language, the judicious few speak of these vital 
phaenomena as of similar nature to those seen in the 
inanimate world. To them, between the modes of motion; 
observable in minerals and the modes of motion observable 
in plants and animals, the main difference is one of degree. 
It is true that at present we have nothing in the mineral, 
kingdom that seems precisely to correspond with the sensory 
and motor organs and functions of plants and animals, but these 
functions can be set in action by certain more general physi- 
cal forms of motion, and can. produce certain more general 
physical forms of motion, such as electricity and heat. 
Indeed, the further investigation advances, the morei 
thoroughly does it establish the close relationship between 
the so-called ** vital" and physical phenomena, and it would. 
appear possible that in the hereafter the whole of the com- 
plex series of actions that take place in the life of an indi- 
vidual, and even in the yet more complicated life of a society, 
will be reducible to mathematical formulse. 

That the tendency to separate the phenomena of the- 
inorganic from those of the organic has been, and that this- 
separation cannot be maintained, are alike shown by the 
old names for the chief divisions of the study of Chemistry 
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and by the more modern synonyms. Once on a time a 
distinction was made between Inorganic Chemistry, or the 
Chemistry of mineral bodies, and Organic Chemistry, or the 

'Chemistry of Organic bodies, such as plants and animals. 
Then we were told that it would be impossible for man ever 
to make any of the many organic substances. He might 

'hope to contmue making Oxygen and Ammonia and mineral 
acids and so forth, but he must never aspire to the produc- 
tion save through the aid 'of plants and animals of sugar, 
starch, or alcohol. Thus very complacently the foolish ones. 
But theii- wiser fellows, who knew that Science has but few 
Nevers and Impossibles, who therefore were not arrogant but 
patient and hopeful, set to work in their laboratories. And, 
behold, substance after substance that was organic, a " vital 
product," never to be made by man has been prepared by 
him from mineral things. Patient, imperturbable nature, 
waiting with her open secret all through the centuries that 

.are her heart-beats until the true worker come! 

In 1828, Wohler sets to work upon Ammonium Cyanate. 
The chemists give this salt for formula (H* N) CNO. And» 

..from this, Wohler produces C H* N'^ O. Add up the atoms 
of Carbon in the formula of the salt and in the new formula. 
Do the same with the atoms of Hydrogen, of Nitrogen, of 
Oxygen. The number of atoms of each element in the two 
bodies is the same. And yet the one is Ammonium 
Cyanate, a mineral, and the other is Urea, a product of 

.animal bodies these many centuries, made to-day artificially 
in the laboratory. 

Wurtz, and Kolbe, and Berthelot have all been busy in 
this new field of work. Let us see what they have done. 
Charcoal and Sodium Carbonate (both minerals) are mixed 
together. Air (which contains nitrogen gas, a mineral) is 
passed over the mixture. Sodium Cyanide results. In 

; symbols, for the chemists : 

4C + Na2 COS 4. N2 = 2 (NaCN) + 3 CO. 

'Then the Sodium Cyanide, NaCN, is changed into Mer- 
-cury Cyanide, Hg (CN)^ This heated expels its Cyanogen 
gas, CN. This gas Cyanogen treated with water yields 
Ammonium Oxalate. 

2 (CN) + 4 (H2 0) = (H* N)2 C^ 0*. 
.And Ammonium Oxalate treated with an acid, as e,g., Sul- 
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•phuric Acid, yields a corresponding Salt of Ammonium and 
-free Oxalic Acid (an organic body). 

(H* N)« C« O* + Ha SO* = (H* N)a SO* + H' C» O* 

(Oxalic Acid). 

Or once again, electric sparks are discharged between 

Carbon points in an atmosphere of Hydrogen. Ethine, 

C^ H^, a compound of Carbon and Hydrogen is formed. 

This, in contact with Copper and Hydi'Ogen just freed from 

•one of its compounds, seizes two more atoms of Hydrdgen, 

•and becomes Ethene or defiant Gas, C^ H*. Ethene, 

acted upon by Sulphuric Acid, gives a complex Sulphate of 

-Ethyl (C2 H«) and Hydrogen. 

C2 H* + H2 SO* = C2 H« H SO*. 

And this complex body, treated with water, yields alcohol. 

C2 H« H SO* + H2 O = H2 SO* + C^ H^ O (alcohol). 

And thus men in the laboratories to-day are slowly building 
up organic substances from inorganic, even as possibly in 
the dim remote past those were built up from these by 
nature. 

Therefore the name Organic Chemistry is laid upon one 
side for the most part to-day, and ere long will be wholly 
abandoned. In its place we read of the Chemistry of Caibon 
'Compounds. 

Nevertheless, the advanced student is pained and the 
beginner misled by finding in some books laying claim to be 
text-books upon Chemistry such phrases as this : ^^ Organised 
bodies are organs or parts of organs which are essentially 
products of vitality, and there is not the slightest prospect 
of their ever being produced by artificial means." [" Fownee' 
Organic Chemistry," edition of 1877, edited by Henry 
Watts, p. 2.] Borrowing the phrase of Professor Huxley 
we might as well say that the arrangement of wheels in a 
clock is a product of horologity as that starch or albumin are 
products of vitality. 

And if it be urged that the phaenomena occurring in 
living bodies are strange and unpredicable from the proper- 
ties of the matter whose collocation forms the living body, 
let it be answered that no less strange and unpredicable are 
the phaenomena that occur in physics and chemistry. No 
one could anticipate that two forces, acting simultaneously 
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on a particle, would urge it along a line correspondiog with* 
the diameter of a parallelogram whose two sides represented^ 
the two forces. No one could anticipate that the pouring of 
a yellowish liquid, nitric acid, on copper would produce a 
green liquid, not acid, not metallic, and, a gas, at first color- 
le.^s, and later, on contact with colorless air, red-brown, but 
in neither aspect liquid or metallic. No one could anticipate: 
that placing zinc and copper in sulphuric acid, connecting 
them by silver wire, and breaking that wire across, electric 
sparks with light and heat and sound would leap from end to< 
end of the disparted wire. Yet all this does occur, and later 
on, when our descendants have studied the matter of which 
living bodies are composed as closely as we have studied' 
force? acting on a point, copper and nitric acid, zinc, copper 
and sulphuric acid, as certainly as they now anticipate the 
fulfilment of the principle of the parallelogram of forces 
when two forces act on a body, or the production of copper- 
sulphate and certain oxides of nitrogen from copper and 
nitric acid, or electricity from a Daniell's cell, so certainly 
will they anticipate power of movement, of sensation, of 
reproduction from certain armngements of matter. 



p 
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CHAPTER IV. 

Biology. 

Although the evolutionist holds that in the course of ages 
out of the few have evolved the many, and to him attempting 
to survey the universe in the past as well as in the present, all 
things merge one into another, and hard and fast lines of 
demarcation are impossible to be drawn, yet he recognises 
the great differences that may in time obtain between bodies 
that have varied along different lines, though their original 
forms may have been the same. Hence he makes use of 
the exceedingly convenient phrases known as definitions, 
whilst he is conscious that not a few of such definitions will 
not hold in relation to the extreme members of the series 
they are intended to define. Whilst, therefore, we feel 
assured that in their lowest forms living things graduate 
into the non-living and that no definition will completely 
include all that we name organic to-day whilst it excludes 
all that we name inorganic, it is convenient, nay necessary, 
to adopt some definition that will point out the most essential 
differences between the majority of living forms and the 
majority of non-living forms. 

A. Definition of Life, — Of the multifarious definitions of 
life that have been suggested, only a few of the most notable 
will be mentioned. They will be those of Schelling, of 
Richerand, of Bradlaugh, of De Blainville, of Lewes, of 
Spencer. 

(1) Schelling. — ^Life is the tendency to individuation. It 
has been pointed out ere now that this definition includes 
crystaUisation. It may be said, in passing, that probably.no 
definition can be framed that will exclude the phsenomena of 
crystallisation. But to the writer another objection seems to 
apply to the above definition. Tlie use of the word 
" tendency " would appear, to be objectionable. A definition 
of life that only states its '' tendency " does not seem suf ^ 
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ficient. Such definition must contain a statement as to 
what actually does occur not alone as to what tends to 
occur. 

(2) Eicherand. — ^The collection of phsenomena which suc- 
ceed each other during a limited time in an organised body. 
To this it has been objected that the decay of a dead body, as 
a dead animal or plant, fulfils all the necessary conditions 
required here. The series of phaenomena that succeed each 
other during the limited time that elapses ere the organised 
tree or the organised man disintegrates into simple binary 
■compounds, such as carbon dioxide (CO^ ), water (H^ O), 
and ammonia (HsN), these are not phsenomena of life, and 
yet they are included in the definition of Richerand. 
Another objection, as it seems to the present writer, is that 
his definition appears to beg the question. It does not 
appear accurate to use in a definition of life the phrase 
*' organised body." For the organised body is one that has 
organs. And an organ is a part that performs a definite 
function ; it is functionally active, t.e., it is alive. Hence 
there would seem here to be a case of petitio principii. 

(3) Bradlaugh. — The total normal organic functional 
activity of each animal and vegetable. Here also it seems 
to the present writer is a difficulty akin to that encountered 
in the definition of Richerand. The word " organic" seems 
to imply life. The names animal and vegetable labor under 
the like disadvantage. 

(4) De BlainvilJe. — ^A twofold internal movement of com- 
position and decomposition at once general and continuous. 
It has been urged that according to this a galvanic battery 
must be alive, for certainly within it is "a twofold move- 
ment." The Zinc Sulphate is composed : the Copper Sul- 
phate, if it be a DanielFs battery, is decomposed. The 
movement is general for all the matter in the cell is con- 
cerned, and it is continuous for it ceases not until the 
matters are removed from collocation with each other. 
And yet, at present, no one would call a galvanic battery 
alive. 

(5) Lewes. — ^The series of definite and successive changes 
of structure and composition taking place in an individual 
without loss of identity. This introduces in its last four 
words a new and important element. " Without loss of 
identity." The man or woman reading this page is the 
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-name individual viho ten, twenty, thirty or more years ago 
would have flung the book aside as " dry," or perhaps as 
^' atheistical." He or she is the same that as a child would 
liave very wisely preferred a game, or, as a Christian, would 
have preferred a prayer-meeting to the discussion of difficult 
problems. And yet not one atom of matter in the reader 
•of to-day entered into the composition of the child of years 
ago. The piece of chalk in the cliff of to-day is made of the 
same matter as the piece of chalk that was deposited from 
the surcharged sea centuries ago. The dead things are the 
same yesterday, to-day and for ever. Not so the living. 
With them there is infinite change and yet no less of 
identity. But the definition of Lewes seems to ignore one 
thing in living bodies as important as the thing it recognises. 
It refers to change of " structure and composition " but not 
-of function. It deals with the matter transformation but 
•not, apparently, with the motion changes. 

(6) Spencer. — Surveying the two life functions that are 
most widely apart, the one the most general in living bodies, 
the other the most special, the two functions of digestion and 
of retisoning, Herbert Spencer shows that both involve 
-<;hanges : that the changes are successive and also simul- 
taneous : that they imply changes from the homogeneous 
^say the food of animals or the sight of a person) to the 
•more heterogeneous (say the albumin of animals or the 
•recognition of a friend with its thousand memories, hopes 
•and fears) : that these changes are definitely co-ordinated : 
and that these changes are all in correspondence with cer- 
tain phnenomena outside the living being. In briefer form he 
puts it that life is the continual adjustment between external 
and internal conditions. 

The environment of all things non-living or living is 
liable to change. The non-living thing is passive, at the 
mercy of its environment^ makes no response to its changes. 
The living thing is active, struggles against the oppression 
of its surroundings, adapts itself to the changes ct the 
-environment. A piece of non-living chalky were the air 
surrounding it to be replaced by hydrogen chloride (liydro- 
-chloric acid) would be unable to adapt itself to the changed 
•conditions, and would be decomposed with evolution of carbot 
•dioxide. But a living animal under the like circumstanced 
*would either rush away from the spot or, if its deirrec ot 

c2 
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life were high and it knew Chemistry, would neutralise th& 
acid by ammonia and prevent its ill effect. It would bring- 
about an adjustment between the conditions of its body and 
those of the environment. Throughout life plant or animal 
is thus constantly modifjdng as its surroundings modify. 
From the first moment of its life to the last the ceaseless 
changes without are answered by changes within. And 
those internal changes or changes of the individual are not 
merely direct and consequentieJ. They are often anticipa- 
tive. Thus a puppy, beholding its master lay hands on the 
whip for the first time, eyes him and the whip with a gay 
and delightsome air of interest. But ere long, the puppy, 
observing the same change in the environment, not only has 
certain direct and consequential effects produced on retina 
and in brain, but anticipative results follow, and he rushes 
out of the room at the Grat movement of the hand towards 
the instrument of punishment. If change A. in the en- 
vironment is followed by change B. in the plant or anjmal, 
change B. is often succeeded by change C. in the living 
being, this change C. being anticipative of a change D. in 
the environment that is to follow upon change A. 

Further, the degree of life varies with the amount and 
complexity of this correspondence between the external and 
internal conditions. The more complete and the more 
complex the correspondence, the " higher " the life. A 
plant is lower in the scale of organisation than an animal.. 
Its relationships to the universe outside it are less complex. 
Only the most general alterations affect it. It is unin- 
fluenced by the special ones. Light, heat, moisture changes 
have their play upon it. The fluctuations of stock do not 
disturb its existence. Cold-blooded and warm-blooded, 
animals illustrate the truth. A reptile is, as far as its 
blood-temperature is concerned, at the mercy of the 
environment. The temperature of its blood varies with 
that of the medium wherein it lives. Not so with the 
mammal. No matter how the air or even the water that is 
the habitat of the mammal may vary as to temperature, 
that of the blood of the animal is constant. Thus the 
temperature of the blood of man in the hottest day in 
summer or the coldest day in winter is about 36^^ C. 
And the latter animal, having this power of adjustment ot 
its blood-temperature as the outside conditions vary, m 
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bigher and more lifeful than the former, the possessor of no 
such power. 

Or to take an illustration from man, the religious person 
and the Tory are lower in the scale than the Freethinker 
and the Radical. The former are little affected by the 
environment. Their relationships thereto are delightfully 
simple. A simple formula or a simple following carried 
out doggedly is their sole idea of adjustment to altered 
external conditions. The formula may be g. o. d. or the 
following that of Lord Randolph Churchill. That is all 
one. The formula and the person followed only need to be 
simple and meaningless and all is well. But with the 
thinking folk, the changed conditions of -the environment 
Affect hugely. Their relationships to thought of all forms 
are so complex. Touching the world outside them at so 
many points, the unthinking cannot understand how such as 
these are influenced by the ceaseless changes of that world 
ivithout. Those that aim at greater freedom in science, 
in philosophy, and in politics, have calculations to make 
^that others know not of. Their life is the higher on 
account of its more complex relationship to the environ- 
ment. Let them see to it that they make it yet higher by 
rendering that relationship more complete as well as more 
■complex. 

(7) As a contribution to the definitions of life the writer 
suggests the following. The living plant feeding upon 
mineral matters, builds up plant matters of greater com- 
plexity than the mineral. The living animal feeding on the 
plant matters builds up animal matters of yet greater com- 
plexity. Plant or animal in its life-work decays into 
mineral matter again. Life, therefore, is functional activity 
preceded by a building up of more homogeneous structures 
into more heterogeneous and accompanied by a reduction 
of the more heterogeneous structures to the more homo- 
geneous again. By " functional activity " it is desired to 
express that living beings are not passive but are constantly 
adjusting their own conditions to the varying ones of the 
environment. I borrow, therefore, the thought of Herbert 
Spencer and express it by Charles Bradlaugli's convenient 
phrase " functional activity," while I add the conception of 
the building up of the carbon dioxide, water, ammonia, and 
salts of the plant food into the starch, sugar, alkaloids of 
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the plant — or of the building up of the starch, sugar^ 
and alkaloids of the plant into the albumins and gelatins- 
of the animal, together with the retrograde metamor- 
phosis of the secomplex organic bodies into carbon dioxide^ 
water, and ammonia again as the functional activity is 
displayed. 

During life then this adjustment continues, and this- 
building up and unbuilding succeed one the other. But at 
length, either by accident or disease, the circumstances of 
the environment become of such a nature that the adjust- 
ment is no longer possible, or the preliminary building up of 
the simpler into the more complex no longer occurs, as in old 
age. In either case the being dies. Death is the cessation 
of the adjustment that has been throughout life or is the- 
cessation of the preliminary up-building. The unbuilding 
goes on and the body decays into the simpler mineral com- 
pounds,, without return of the constructive process, and the 
animal or plant is dead. The body has returned to the 
mineral kingdom that gave it. 

B. The difference between Plants and Animals, — ^Biology is,. 
then, the detailed interpretation of structural and functional 
phaenomena in relation to the phaenomena of the environ- 
ment. Briefly it is the study of living beings. Of these 
living beings there are two kinds easily enough recognisable- 
and distinguishable from each other in their higher forms.. 
The tree and the quadruped differ widely one from the 
other. Every one names the former Vegetable, the latter 
Animal. And these two names are given generally to- 
the two great groups of living things. But whilst it is- 
easy to distinguish between the highly organised members- 
of the two kingdoms, it is impossible to separate them clearly 
in their lowest forms. A kindred difficulty to that encoun- 
tered in our effort to separate the living from the non-living 
meets us when we try to demarcate animals from vegetables. 
To the evolutionist hard and fast definitions are not pos- 
sible. 

In the old days very clear and exact definitions were 
given of animals and of vegetables, and unfortunately these 
are not infrequently repeated to-day. Let us consider the 
main distinctions that have been stated as existent. 

(1) The power of sensation. — ^Plants were supposed to be 
destitute of this: animals were supposed to possess suck 
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power. But the response of the leaves of the Sensitive 
Plant to a touch, of the flower of the Catasetum Orchid ta 
any impression made upon its antennae, of the suddenly 
closing leaf of the Venus' Fly-trap to the light contact of 
the doomed insect, and the effect of light upon plants gene- 
rally are but a few instances of the widely spread power of 
responding to stimuli possessed by plants. On the other 
hand the sensitiveness to stimuli of many living things that 
are called animals is very low, far lower indeed than is the 
sensitiveness of many plants. Contrast the power of sensa- 
tion of an Amceba or of a Sponge with that of a Mimosa 
or of a Sundew. The vegetables are the more highly 
endowed of the two. 

(2) The power of movement. — ^Vegetables were supposed 
not to have power of movement: animals possessed such 
power. The instances given above serve to dispose of this 
imaginary distinction as effectually as they do of its pre- 
decessor. Each of the plants just named undergoes very 
remarkable movements of its parts. These movements are 
complex and co-ordinated. You would be tempted to call 
them purposeful. The touch upon one of the antennae of 
the Catasetum is followed by the liberation of the extra- 
ordinary and huge pedicel and disc, and by their outflinging 
from the strange reptilian flower on to the head of the insect 
in such fashion that his visit to the next Catasetum must 
result in the impregnation of the unripe seeds thereof by the 
pollen borne from its predecessor. Nay, without any 
known stimulus at all the antennae undergo movements 
that place them exactly in the best place to be touched 
and that afterwards get them out of the way when 
pollen removal has taken place, and . impregnation is 
to be effected. And if it be urged that the movements 
in this and in the other plants mentioned are of parts only 
and not of the individual as a whole, answer is made that 
there are many animals even high in the scale that only 
show the like movement of parts with a sedentary condition 
of the whole organism. The oyster b not active but the 
cilia or minute hairs on its gills are, and effect ceaseless 
change of the water in contact with the gills. The sponge, 
the sea-anemone, the entozoa or internal parasites are all 
stationary as a whole, though parts are motile. On the other 
hand many vegetables show at some period of their lives, 



*2i Biological Discoveries and Problems. 

and some of them daring the whole of their existence, move- 
ment of their bodies as a whole. The motile stage of the 
simple one-celled Protococcus of rain-water, the active 
zoospores or moving organisms in the Algse rushing bj aid 
of cilia through the water, the persistent motion from place 
to place of the Diatoms are all instances of motion in plants 
affecting the whole of the individual. Movement in plants 
is then far more general than has been hitherto believed. 
The latest work of our greatest naturalist is on " The 
Movements of Plants." From an early copy that the writer 
owes to the courtesy of Charles Darwin he quotes the follow- 
ing words, with alteration of one technical term: "Appa- 
rently every growing part of every plant is continually 
moving." 

(3) The absence of Nitrogen in plants and its presence in 
animals. — Once on a time the statement was made, that 
plants had no nitrogen in their composition and consisted 
in the main of carbon, hydrogen, and oxygen. But plants 
contain protoplasm, a compound of all four of the above 
elements. Later the distinction was made that vegetables 
have no nitrogen in their cell-wall and that animals have 
that element in their cell-wall. As the cell contents of 
plants contain nitrogen, the distinction at its best would not 
be of great importance. But whilst the cell-walls of most 
members of the Vegetabilia consist of cellulose, a compound 
of carbon, hydrogen, and oxygen (C^ ff ^ O® ) ^, and the 
cell- walls of most animals are nitrogenous in composition, 
yet in animals so high in the scale as the Ascidian cellu- 
lose is found. 

(4) The respiration of plants and animals differs. — It was 
stated " by them of old time " that whilst animal^ breathed 
in oxygen and gave out carbon dioxide, plants breathed in 
•carbon dioxide, retained the carbon, and gave out the oxygen. 
This purely imaginary distinction was founded upon a mis- 
conception. The breathing of plants and animals is iden- 
tical. Both inspire oxygen and expire carbon dioxide. The 
effect of their breathing on the air is the same. But plants 
also feed on the air and in their feeding take in carbon 
dioxide, retain the carbon and give out oxygen. Their 
action on the air is twofold and the inspiratory effect is the 
exact converse of the feeding effect. As the feeding pro- 
'Ce^s is with vegetables in excess of the respiratory, the 
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total effect on the air is the removal of carbon dioxide 
and the outgiving of oxygen. But to say that plants 
breathe in carbon dioxide is as inaccurate as to say that 
a man breathes in carbon dioxide when he drinks cham- 
pagne. 

(5) The different nature of the food. — ^The food of plants 
is mineral or inorganic ; that of animals is organic. The 
former feed on gases, water, salts, all of inorganic nature. 
Carbon dioxide, water, ammonia, salts of the alkaline and 
alkaline earth metals are the chief food-stuffs. The latter 
feed on plant-materials directly or indirectly by eating 
herbivorous animals. But mineral matters enter largely 
into the food of animals. We drink water and use common 
salt. And many plants eat organic matters. The Sundew 

""and the Venus* Fly-trap catch and devour insects; the 
Pitcher-plants and the Bladder-wort feed on dead organic 
substances. 

(6) The in-taking of food by the exterior of plants, by an 
internal organ in animals. — ^Plants reach down roots into 
the soil and lift up leaves into the air. By the surface of 
root and of leaf food is ingested. Animals take the food 
into an internal organ called a digestive cavity. But 
many animals have no such cavity: witness the Amoeba 
and the Tape-worm. And the pitchers of Nepenthes 
and the bladders of Utricularia are internal food-digesting 
cavities. 

Upon the whole, therefore, no complete distinction is to 
be drawn between the two great, kingdoms of living things. 
It is not difficult to mai'k off an oak from a man, but in 
their lowest forms the plants and animals merge one into 
the other. So clearly is this the case that Ernest Haeckel 
has proposed the formation of a group Protista {irptaros, 
first) to include those forms of living beings that are not 
•clearly either animal or plant. 

Of distinctions obtaining between the higher terms o£ 
the series plant and animal those having relation to the 
nature of the food, and to the composition of the cell-wall, 
and to the external or internal in-taking of food, would 
seem to be the best. 

c. Classijication, — ^For the due comprehension of the 
•papers that will follow this, the succession of the terms used 
in classifying living beings must be mastered. Those that 
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will be employed by the writer are as follows, and the order- 
of their succession is of great moment to those who desire 
to grasp the full significance of the illustrations that will be 
given : Kingdom, Sub-Kingdom, Class, Order, Genus,. 
Species, Variety, Individual. These terms shall be il- 
lustrated by reference to a special case — e. 5^., a dog. 
Kingdom, Animalia. Sub-Kingdom, Vertebrata. Class, 
Mammalia. Order, Carnivora. Genus, Canis. Species, 
Familiaris. Variety, St. Bernard. Individual, Lion. 

D. Divisions of Biology. — ^The study of living things is 
of necessity exceedingly complex. We may consider (1) 
the names of the different special branches of study that 
maybe classed under the general head of Biological Sciences.. 
This classification is familiar to all students, and need only 
be called again to their remembrance through the mediums* 
of a table : — 

Biology, 



Botany, study 
of plants 



r Histology, study of 
Anatomy, study! tissues. 

of structure | Morphology, study 
^ y oi organs. 

Physiology, study of function. 
^ Classification, study of grouping. 

\ Anatomv i histology. 
Zoology, study J ^ \ Morphology, 

of animals j Physiology. 
[ Classification. 

(2) The scope of Biology as a whole. — Following the- 
classification of Herbert Spencer we find Biology includes 
(a) the study of structure, {h) the study of function, (c) the 
action and reaction of function and structure one upon the* 
other, {d) the production of organisms. Let us name 
these respectively the study of Anatomy, Physiology, 
-Etiology (a<Tia, a cause). Genesis (ycvvao), I produce). 

(a) Anatomy or the account of structural phaenomena 
subdivides into (i.) The structure of the individual— of the 
one. (ii.) The structure of the successions of organisms — 
of the many. And, again, each of these last heads is 
divisible into (a) Morphology, or the account of the adult 
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organism ; {p) Embryology, or the account of the develop- 
ment of that organism. 

(ft) Physiology, or the account of functional phaenomena, 
in like manner subdivides into (i.) The functions of the one. 
(ii.) Those of the many. And again each of these last 
heads is divisible into (a) General Physiology, dealing 
with all functions of the organism, save that which is dealt 
with under {p) Psychology. This branch has to do with 
that special class of functions known as Mental. Both 
Physiology and Psychology present two further divisions. 
Thus (a) Physiology includes : 1. Organic Chemistry, having 
to do with the molecular changes occurring in organisms ; 
2. Organic Physics, treating of the transformation of the 
forces resulting from chemical changes into other forms of 
force, {p) Psychology (unfortunately derived from j/^ux^, 
the soul) includes: 1. Objective Psychology, teaching of 
the functions of the nervous system and motor organs,, 
whereby organisms adjust internal to external relations, 
and of the external manifestations of those functions in 
conduct; 2. Subjective Psychology, treating of the sen- 
sations, ideas, volitions that are peculiar to the indi- 
vidual organism and accompany the adjustment refeiTed to 
under 1. 

(c) -Etiology, the account of the actions and reactions 
that obtain between structure and function subdivides into : 
(i.) The account of those occurring in the one. (ii.) The 
account of those occurring in the many. And of these two 
groups there are the further sub-divisions : (a) Action of 
function upon structure, {fi) Reaction of structure upon 
function. 

{d) Genesis, or the account of the pha3nomena of repro- 
duction, subdivides, (i.) Genesis of individuals. And this 
falls into two divisions, (a) Genesis in the concrete. The 
enumeration of facts as to reproduction, these facts ranging 
under the two heads of — 1. Asexual reproduction. 2. Sexual 
reproduction. (/3) Genesis in the abstract. The answers 
to general questions as to the " why " of reproduction rather 
tlian the ^^how": such questions as those dealing with 
cross-fertUisation in plants, (ii.) Genesis of successions 
of individuals. This will deal with the highly abstract en- 
quiries into the rate of multiplication of various kinds of 
organisms. 
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Arranging these subdivisions of Biology in a tabular form 
we have : — 

Biology. 



o 
OS J 



too 
o 






i. Of the 
one 



{ 1. Organic Chemistry. 
I 2. Organic Physics. 



i. Of the r a Morphology, 
one 1 )3 Embryology. 

ii. Of the i a Morphology, 
many ( j8 Embryology. 

a General 
Physiology 

P Psychology I }■ ^S^- 

fa General ( 1. Organic Chemistry. 
Physiology | 2. Organic Physics. 
P Psychology { y^;^- 

' Of th { "" ^®*^^^ ®^ function upon structure. 
< fi Reaction of structure upon func- 



one 



^ ii. Of the 
many 



'/J 



i. Of the 
one 



'^ 



tion. 

a Action of function upon structure. 

P Reaction of structure upon func- 
tion. 

a In the concrete 

p In the abstract. 



i 



r 1. Asexual. 
( 2. Sexual. 



ii. Of the 
many 

To render these divisions of Biology yet more intelligible 
to the student, the attempt will be made to give one illustra- 
tive fact under each head : — 
^a) i. a. The heart of man has four cavities. 

p. In the development of man the occipital bone 
ossifies from f om* centres, 
ii. a. The members of the class Mammalia have seven 
neck vertebrae. 
p. The members of the class Mammalia in the course 
of their development form a placenta. 
(b) i. cu 1. A plant decomposes the carbon dioxide of the 

air, retaining the Carbon, giving out the 
Oxygen. 
2. The protoplasm in the cells of Chara moves. 
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p, 1. A child moves its hand away from heated metal. 
2. A child is angry at being teased. 
ii. cu 1. In wingless insects the chemical transformation 
of food into wing-moving muscles that occurs 
in their fellows does not take place. 
2. In the absence of this chemical change the 
amount of heat given out by such insects is, 
ccBteris paribus, less than that given out by 
their winged fellows. 
/9. 1. The habits of an ant-colony. 

2. Nothing known yet, as other animals have not 
hitherto given evidence as to their states of 
consciousness. 

(c) i. a. The growth of a blacksmith's arm. 

p. The functions of the athlete whose bodily frame 

is powerful are other than those of the weaklv 

man. 
ii. a. Disuse of " wisdom teeth " or last molars in man 

leading to their imperfect and paitially aborted 

structure. 
p. The phsenomena of natural selection. 

(d) i. a. 1. The Hydra gives o£F many buds similar to the 

parent. 
2. The pollen grains of an Orchid carried by an 
insect to the stigma of another kindred 
Orchid ripen the ovules of the latter. 
p. The cause of variation in offspring is difference in 
the nature and past history of the parents, 
ii. The connexion between the birth-rate of a people 
and the price of com. 
(d) Biological Terms. — It is necessary to endeavor to- 
obtain clear conceptions as to certain exceedingly important 
terms used in Biological Science. Each of these terms will 
be defined and illustrated. 

(1) Function. — ^The transformation of motion. When we 
speak of one of the functions of a leaf as that of the forma- 
tion of green color matter we mean that through the agency 
of such a leaf the motions of the carbon dioxide, water and 
ammonia of the air are so modified that there results a new 
substance chlorophyll (;(X(opos, green, ff>vWov, a leaf), made 
of the four elements, carbon, hydrogen, oxygen, nitrogen, 
and possessed of new and remarkable potential energy.. 
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When we speak of the function of the retina of the eye as 
sensibility to light, we mean that through certain rod and 
cone structures in the retina the motions of ether that we 
name light are transformed into nerve motion in the optic 
nerve. This last motion in its turn would appear to be 
transformed into motion in the central organ or brain, ulti- 
mating in the consciousness called sight. Of these trans- 
formations of motion, called functions in living beings, three 
great orders present themselves. These are (a) Functions 
of accumulation. Examples of this order are furnished by 
the functions of digestion and respiration. In the former, 
food material is transformed and stored up in condition of 
high potential energy, and in the latter oxygen is dealt with 
in kindred manner. (h) Functions of transference. 
Examples of this order are furnished by the functions of 
absoi'ption and circulation. In the former, as it occurs in 
the higher animals, the digested food is transferred to the 
blood-system and in the latter the results of digestion are 
borne into the various regions of the body, (c) Functions 
of expenditure of force. Whilst every function of a living 
being is attended in its performance with an outlay of force 
there are certain special transformations of motion that, 
placing the living thing into the closest relation to its 
environment, are necessarily functions of expenditure. 
Examples of this order are furnished by the nervous and 
the muscular functions. In the former the reception of 
impressions from without by the sense organs and the trans- 
mission thereof to the brain involve expenditure of force. 
Potential energy becomes kinetic. In the latter the move- 
ments of the body involve expenditure of force. We feel 
that " virtue has gone out of us." 

(2) Organ. A special collocation of matter performing a 
function. The leaf or the eye are arrangements of matter 
capable of performing certain motion transformations. It 
may be urged that this definition fails to exclude the galvanic 
battery and even yet more simple arrangements. A lever or 
a screw come under this definition. The writer is not greatly 
concerned even if this be the case, but for Biological investi- 
gation the organ will mean a special collection of matte: la 
a living being that performs a definite function. 

(3) Growth. Increase of mass. Not increase of size neces- 
i^arily. Growth is increase in actual structure, not simply in 
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bulk. It may or may n^t imply increase in dimensions. It 
must imply increase in the amount of absolute matter in the 
growing body. The potato of the Gardiner^ s Chronicle that 
was confined in a dark cellar, although it straggled out in all 
<lirections and had finally dimensions far in excess of those 
orginally possessed by it, did not grow. It weighed less at 
the end of the experiment than at the beginning. Its mass 
had diminished. This growth is one of the great causes of 
the demand for nutrition. It is clearly most noticeable 
during the earlier stages of the life of the plant or animal — 
is indeed only encountered during a certain very definite 
period. Hence is suggested the inquiry, Why is not growth 
lasting ? Why should a living being grow during a certain 
-number of years, or days, or moments, and then cease 
growing ? As growth continues the force-expenditure of the 
body generally increases more rapidly than the size increases. 
More and more food supply is therefore needed for the 
maintenance of force. A drain results upon the food supply 
needed for growth. At length a time comes when the 
. amount of food supply required for the outgiving of energy 
is so gi*eat that none is available for growth or increase of 
structure. There is only enough left for the restoration of 
the parts that are disintegrated in the very act of giving out 
> energy. This much must be secured or bodily decay as a 
whole sets in and death ensues, but more than this is not 
forthcoming in consequence of the large quantity demanded 
by the organs whose function is force-expenditure. The 
: plant or animal is full grown. 

(4) Differentiation. — ^The passage of matter from the re- 
latively homogeneous to the relatively heterogeneous. Here 
is something more than mere growdi. There is not only 
increase in matter as far as quantity is concerned. There 
IS also a change of its quality. The nearly homogeneous 
.piece of protoplasm not only grows, but its exterior is trans- 
formed into a cellulose wall in the differentiating plant. 
Into the simple matrix of the cartilage shoot out bone 
. structures in the animal. Every part of the most complex 
body is to be formed out of a single cell supplied with certain 
•materials from without Clearly there must be no small 
transformation of the matter of the cell and of its food 
supply ere manifold organs can result. That transformation 
•is differentiation. In all its stages this differentiation is a^ 
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passage from simpler to more complex. Only in its veiy 
earliest stages is the passage from the homogeneous into the 
heterogeneous. Later on it is the transformation of matter 
which is comparatively simple into that which is less simple. 
This is seen in the example just given. The partially 
differentiated cartilage passes into the yet more highly dif- 
ferentiated bone. 

(5) Development. Growth + differentiation. — ^In the pas- 
sage of plant or animal from its embryonic condition on to- 
wards its adult condition the plant or animal grows or 
increases in structure. It also differentiates or passes from 
more homogeneous condition to more heterogeneous. Out 
of the microscopic simple cell is gradually formed the huge 
tree with roots, and stem, and leaf, and flower, each whereof 
is further made up of many tissues differing one from 
the other. Out of the microscopic simple cell is gradually 
formed the majestic animal with manifold organs built up of 
complex tissues. And this passage from the primal simple 
state through many stages of growth and of differentiation 
to the full grown and completely differentiated adult con- 
dition is the development of the living being. 

(6) Adaptation. — The response to the alterations of 
the environment. Necessarily, from our very definition 
of life we must admit that this adaptation occurs every 
moinent of life. The adjustment of internal to external 
conditions is adaptation. The student who finds himself 
amongst a number of boating and cricket men in the 
smoking room talks boating and cricket. He adapts him- 
self, if he be wise and lifeful, to his company. The word' 
adaptation is however generally confined to those momentous 
responses to the changed conditions of the environment that 
proiduce permanent, noticeable changes in function and in. 
structure. Thus the seal, of the order Carnivora, of the 
class Mammalia, has, in the course of its evolution, from 
some form common to it and other fiesh-eating animals, 
undergone considerable changes that have resulted in its 
present structure so excellently adapted to living in water. 

The changes implied in this adaptation are very slight at 
first. They are so slight as to be well-nigh imperceptible. 
It is only after they have continued through many genera- 
tions that they have accumulated enough to be plainly 
recognised. For it must be remembered that the slight 
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change that is adaptation in the individual is transmitted to 
the offspring in intensified form, and to their offspring in 
form yet more marked, if the change be of such a nature as 
to give its possessor an advantage in the struggle for life. 
It has been written that " adaptation is striven after by 
the individual, transmitted to the offspring, and developed 
by natural selection ;'' and this phrase puts the truth very 
clearly with, to the present writer, the exception of the 
phrase " striven after." This expression seems to him an 
unfortunate one, as implying too much activity, an activity 
of a voluntary nature, in the plant or animal in its response 
to the changed conditions of the environment. 

In adaptation, function change appears to precede change 
of structure. It has long been a question whether function 
was the cause or the consequence of organisation. The study 
of living things in the light of the fact of evolution reveals to 
us that function is more probably the precursor than the suc- 
cessor of organisation. In evolution function change seems 
ever to precede structural modification. Thus, in the human 
heart, the structure of the muscles contained in that organ is 
that of voluntaiy muscle, or muscle under the control of the 
will. But the heart- muscles functionally are involuntary, not 
under the control of the will. The structure has not changed. 
The function of the muscles is altered, and with good result 
to the animal,, as it is of distinct advantage to have the 
management of the contractions of the heart removed from 
the category of the voluntary actions. Or consider the 
feet-jaws or maxillipedes of the lobster (class Crustacea). 
Structurally, they are built upon the model of the next of 
the body appendages to them, the legs. But as their name 
tells, they are not alone mobile. They help in mastication 
also, and are feet- jaws. Their function has changed before 
their structure has. 

This principle of adaptation further helps us to under- 
stand the development of more highly-functioned organs out 
of organs of simpler functions. It aids us in the compre- 
hension of the gradual evolution of complex organs. The 
lung of the air-breathing vertebrate has been evolved from 
the swim-bladder of the fish. Not suddenly. Nature does 
not work her best work in catacl3rsms. Slo^^ly, in certain 
individuals in the remote past, the bladder that had only 
served to regulate the specific gravity of the fish, and to 
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enable it to sink or to rise in the water by the diminution 
or the increase in its contained air, began to absorb the 
oxygen of that air, to give thereto carbon dioxide. With 
the growth of this respiratory process the animal became 
better fitted for longer sojourn outside the water. Upon' 
the change of function followed that of structure, and by 
degrees, tlie old use of the organ fading away, the old struc- 
ture ako was modified and modified, and the swim-bladder 
developed into a limg. 

Finally, let it be noted that adaptation is the radical 
principle in evolution. It is the principle of alteration for 
the better. Later we shall encounter a conservative 
principle — the only righteous conservative principle, that 
endeavors to maintain and perpetuate the change until 
such time as another alteration is wisdom. 

(7) Variability. — Capacity for adaptation. It is the 
ability to vary — i.e., to adapt. Variation is, in all proba- 
bility, the same as adaptation. " Spontaneous " variation, 
on the part of a living being, does not seem to be con- 
ceivable. The variations so constantly occurring are caused. 
Their cause would appear to be the ever- changing conditions 
of the environment. Variability, in the strict sense of 
capacity for adaptation, is the great characteristic of living 
things, is inherent in them. 

(8) Transmission. — The appearance in the offspring of 
changes of structure or function that have taken place in 
ancestral beings. This is the conservative principle to 
which reference was made. Without it evolution would be 
impossible. If every change that was for the advantage of 
the individual died out with the life of the individual, the 
universe would be an eternal beginning over again. But 
the adaptation " striven after " by the one is transmitted 
to the offspring and becomes intensified. Transmission is 
often named heredity. I am inclined to restrict this word 
to the transmission of individual peculiarities, and to keep 
the more general name for the transmission of characters 
that belong to the variety, the species and to all the higher 
grades. Heirship is so essentially the inheritance from man 
to man, and it seems so desirable to distinguii^h between the 
reappearance of individual specialties and the reappearance of 
properties of the race, that I venture to suggest the use of the 
two names Heredity and Transmission to denote these twain. 
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In connexion with this subject, it is important to notice 
that there is that which may be called a sexual transmission. 
Whilst the natures of both parents affect all the offspring, 
there is reason to believe that the nature of the parent of 
one sex afTects especially the childi'en of the same sex. 
Hence the mental calibre of the majority of our women to- 
day, their conservatism, their religion, their conventionality, 
their want of comprehension of the beauty of the keen 
intellectual life all a-glow with deep contained emotion, are 
due to the evil treatment of their mothers and grandmothers 
at the hands of man in the past. 

(9) Atavism. — Reversion to ancestral forms. The horse 
is born with certain stripe-markings, which would seem to 
be somewhat of a work of supererogation on the part of 
nature, as in this most Christian country stripe-markings 
upon horses are many enough after birth. These lines of 
color are reversions to an ancestral form, probably common 
to the horse and the zebra. Any one of the numerous 
varieties of pigeon may lay an e^g whence emerges not a 
tumbler or a fantail, but a blue rock. Now, the blue rock 
is the parent of all the other varieties. This is a case of 
reversion to ancestral forms or of atavism. 

(10) Correlation. — Interdependence of structures. Modi- 
fications of particular parts of a living bwly affect other 
parts. Changes in the nature of hard external parts will 

•cause changes in the nature of soft internal ones. The 
excessive elongation of the snake's body is attended with a 
like elongation of certain organs, as its lung. The integu- 
ments of the whale (Cetacea) and of the Armadillo (Edentata) 
are strangely different from those of other Mammalia, and 
their teeth also differ from those of other Mammalia. 

(11) Bhythm. — Oscillation of motion or alternation of op- 
pOv^itcs. Movement, in any one direction, is always followed 
by movement in the contrary direction. This principle of 
rhythm is an inevitable corollary from the persistence of 
force, from the eternal nature of matter and of motion. 
Were it not true, creation of motion would be possible. The 
third law of motion in Physics states that action and re- 
action are equal and opposite. The magnetic needle at this 
hour does not point due north. It points some 17^ west of the 
.north pole. But last year its position was different, and in 
1882 its position will bo different from that of to-day. It is 
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slowly swin*»ing eastwards. In 1657 it did point due norths 
after struggling through the centuries from a position wherein, 
it pointed far away to the ea>t of the pole. From 1657 to- 
1818 it swung slowly westward. Then it began to retrace its 
steps, and since then it has traversed nearly 5^ on its path 
towards the sun-rise. Day follows night, summer treads on the- 
heels of winter. In history, the epoch of Puritanism is succeeded 
by the Court of Charles II., and in the days when kings 
were kings the weak monarchs alternated strangely with the- 
strong. Henry III., Edward I., Edward II., Edward III.,. 
Richard II., Henry IV. — these names will serve as illustra- 
tion. In politics, a time of suspicion, uneasiness, untruth, 
wrong, degradation of a nation's name and honor, is followed 
by a time of healthful, honest striving, through many diffi- 
culties, to do the right and to keep faith with all. Tory 
governments are succeeded by Liberal ones, and with the 
terrific irony of the universe. Liberal governments are- 
doomed to be, in their turn, displaced. In our own lives 
joy follows sorrow, and sorrow follows joy, with rhythmical 
regularity. Laughter melts into tears and through our 
tears we smile. But yesterday the world was a desert wide- 
reaching, sombre. To-day it is sunlit, odor-breathing ; and! 
to-morrow the waste will lie before our feet again. 
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CHAPTER VI. 

Morphology. 

The study of the structure of living beings will engage our 
attention next. In a volume such as this only the most 
general points in structure can be dealt with. We shall 
-consider (a.) the units of structure, (b.) the successions 
of structural forms, (c.) Crystalloids and Colloids, (d.) 
Homology. 

A. The Units of Structure. — All plants and animals are 
reducible to certain simple constituents. Eveiy plant and 
animal consists of organs, such as the leaf and root, or the 
hand and brain. These organs are again constructed of yet 
simpler parts, such as the epidermis and veins of the leaf, 
or the muscles and nerves of the hand. Such simpler 
constituents of the organs are called tissues. But these 
tissues again consist of still simpler parts. The epider- 
mis of the plant is made up of cells, the veins of the leaf 
are made up of fibres and vessels, the muscles and nerves 
of the hand are in like fashion made of fibres, but of fibres 
•of different nature from those met with in vegetables. The 
ultimate constituents are few ; the tissues and organs made 
out of them are almost infinite in their number and variety, 
in the same fashion as the letters of the alphabet are few in 
number, but the combinations of them into words practically 
innumerable. Cells, fibres, vessels constitute, in the main, 
all plant or animal tissues. (1) The cell may be defined as a 
limiting membrane bounding certain contents. In its 
simplest or in its most complex form the cell will always 
present certain materials surrounded by a definite wall. 
(2) The fibre is an eloug ited structure, in plants generally 
resulting from the elongation of one cell. In animtil 
structures more than one cell may enter into its composition. 
In either case it is a structure, as in muscular fibre, or as 
in wood fibre, whose length in one direction considerably ex- 
ceeds that in any other. (3) The vessel is a long tube, formed 
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probably invariably from the fusion together of many cells^. 
Imagine a number of cells placed end to end, their cavities 
separated by partitions. If the partitions disappear and 
the cavities of the cells enter into communication a long^ 
tube or vessel will result. 

The cell, the fibre, and the vessel then constitute the 
units of tissues, and as the fibre and the vessel are both 
formed out of the cell the cell might be looked upon 
as the ultimate unit. Indeed until recently it was re- 
garded in this light. The celebrated theory of Virchow, 
the cellular theory, taught this doctrine, that the cell 
was the ultimate unit of structure, and that out of it 
all tissues were formed. Indeed, the cell was the material 
form absolutely necessary for life, and inasmuch as the cell 
was very considerably different from any inorganic structure 
it was more than hinted at that the difference between 
living and non-living things was enormous, even when only 
structure was taken into consideration. So long as the cell 
was regarded in this light, and all living matter was sup- 
posed to have no simpler form than the cell, without doubt 
great difficulty presented itself to the evolutionist. Ta 
bridge over the distance between inorganic matter and the^ 
cell was difficult, if not impossible. But further investigation 
has placed the evolutionist in a better position, as investi- 
gation always does. Scarcely anyone would be found to- 
day to support the doctrine that the cell is the simplest 
condition of living matter. Better microscopes, more 
numerous observers, and more accurate observers have re- 
vealed to us that there are structures far simpler than the 
cell that are clearly living. Let us consider those struc- 
tures. 

The cell, it has been stated, is a limiting membrane 
enclosing certain contents. The nature of the membrand* 
varies in plants and animals ; the nature of the contents, at 
least in young cells, is invariable. The contents are proto- 
plasm. Of this exceedingly important structure the fol- 
lowing statements may be made. It consists of carbon, 
hydrogen, oxygen, and nitrogen. It is contractile. Under 
favorable circumstances it will develop into more highly 
organised substance. 

In the cell is generally to be seen a portion of protoplasm, 
more condensed than the rest. This is known as the nucleua- 
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or endoplast, and hence the typical cell presents a wall, 
Taryiog in its aatnre in plant and animal , containing proto- 
plasm and an endoplast. This assuredly is a complex 
structure, more complex than aught presented by the mineral 
kingdom. But living organisms have been met with of simpler 
build than this. For example, the cell is encountered desti- 
tute of its endoplast, that is, only presenting wall and proto- 
plasm. Low down in the plant and animal kingdom 
are many beings consisting wholly of wall and proto- 
plasm. Such structures are sufficiently di&iinct from the cell 
to deserve a special name. Hence the name cytod has been 
devised. (4) A cytod, therefore, is a mass of protoplasm 
surrounded by a limiting membrane, but containing no 
specially condensed part called endoplast. If research had 
not discovered amongst living things structures simpler than 
this, the difficulty for the evolutionist would still be great. 
But research has shown us that there are living bodies of yet 
simpler structure. Imagine the cytod loosened from its 
limiting membrane. Imagine it reduced to the condition of 
simple protoplasm. It is now a mass of protoplasm without 
any wall investing it. In that condition it is still living 
matter. It is seen to move. It is seen to reproduce itself. 
It lives, it moves, it has its being. To this mass of proto- 
phism not surrounded by any definite wall the name of 
plastid is given. That is as far as research has carried us 
hitherto. But observe how very much simpler is this plastid 
than the cell that but a few yeai*s ago was proclaimed as the 
unit of structure of living beings. Whether we shall ever 
discover still simpler structures than the plastid remains to 
be seen, but whether we discover them or not, the 
distance between a simple, unenclosed, exceedingly minute 
mass of protoplasm and a piece of mineral matter 
is exceedingly small. Later on we shall have to dis- 
cuss the possibility of the formation of protoplasm from 
inorganic matter. For the present, it is sufficient to say 
that the plastid is our morphological ultimate unit, and is the 
simplest form of structure known to us in connexion with 
living beings. 

B. Successions of structural forms, — ^Now it will bo wise to 
ascend from this plastid to the higher morphological condi- 
tions. Given this portion of unenclosed protoplasm as living 
matter, it will be well to picture how it and its fellows and 
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their higher derivatives are grouped together ia making plants 
and animals. Some living beings consist solely of imenclosed 
protoplasm. An example of these would be JEthalium, one of 
the lowest Fungi. Slow-moving masses of protoplasm, some- 
times of considerable size, are observed creeping lethargically 
over stones, and even over pieces of metal. The Bacteria that 
crowd together in millions in liquids containing decaying 
organic matter are plastids also. Ascending a little higher, 
the cytod meets us. The Yeast fungus consists of nothing 
but multitudinous individuals each of which is a cytod, 
that is, a mass of protoplasm surrounded by a wall, without 
endoplast. In the animal kingdom we encounter some of 
the Foraminifera. These wonderful little organisms, whose 
tiny shells, shaped in the moat diversely fantastic form, have 
been ceaselessly raining down through the sea, fathom after 
fathom, and generation after generation, whose shells have 
formed the base of the ocean and the substance of continents, 
each of these imperturbable little workers, lodged within its 
diaphanous casement, is a cytod, and nothing more. 
Passing still higher, the plant or the animal is a cell. The 
cytod has now gained its endoplast. A.mongst vegetables 
the majority of the lower Alga3, or water-dwellers, are 
of this type. Amongst animals the Infusoria, whose 
movements are complex functions many, are neverthe- 
less only single cells. In fact in the lowest sub-kingdom 
of animals, the Protozoa, nothing higher than the cell is to 
be seen. The lowest of its members are plastids, the next 
lowest are cytods, but the highest of this large sub-king- 
dom never pass beyond the stage of the single cell. If we 
pass upwards through the plant and the animal kingdom we 
shall find beings composed of many cells that, at first, are still 
of the simple order, as in the Volvox or the Sphserozoum. 
But very speedily the collections of simple cells become col- 
lections of modified cells. Certain cells elongate and become 
fibres, certain others fuse one with another and become 
vessels. The fibres vary in their nature. The vessels vary 
in theirs. Groups of cells, fibres, vessels, separate them- 
selves in position, as in function, from certain other groups, 
and tissues appear on the scene. Some tissues are purely 
cellular, as the pith of the tree. Others consist of cells but 
alightly modified, as the epidermis of a plant or animal. 
Others present far greater complexity, as the complex 
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^nervous tissue of an animal. These tissues group themselves 
into organs. The stamen, or the hand, is but a collection 
of tissues. The organs become grouped into organisms. 
'The oak-tree or the man is but a collection of organs. 

c. Crystalloids and Colloids. — Dealing, in the last paragraph, 
with the units of structure, nothing was said in respect to 
the chemical and physical nature of their constituents. It 
is now necessary to consider the general principles of the dif- 
ference in chemical and physical nature between inorganic and 
organic bodies. To understand this, the distinction between 
crystalloids and colloids must be pointed out. Crystalloid 
bodies are represented by common salt, NaCl, the arsenic 
•of ordinary language, really an oxide of the metal arsenic, 
As 20^, sulphate of iron, Fe SO*. Colloids (from koXXi;, 
glue), are represented by gelatine, albumen, starch. The 
former are soluble in water, their solutions are sapid or 
possess taste, and readily pass through a porous membrane. 
This passage of fluids through a porous membrane is called 
osmosis. On the other hand, colloids are not readily 
soluble ; even if their solutions are formed, they possess 
little or no taste, and they will not osmose readily — that is, 
they will not pass readily through a porous membrane. 

Crystalloid bodies, with their solubility, their taste and 
their osmotic power, are common enough in the mineral 
kingdom. The insoluble, tasteless, non-osmosable colloids 
are encountered in the plant and animal kingdoms. They 
are exceedingly inert, and yet exceptionally unstable. They 
are inert, and possess, therefore, little power of liberating 
energy, unless acted upon by external forces. They are 
unstable, and, therefore, are likely to be easily acted upon 
by extraneous forces, and made to liberate energy. 
Thus they realise the two things to be desired in living 
bodies. These are mechanical flxity and rapid escape of 
waste products. Mechanical fixity is afforded by the com- 
plex compounds consisting of vast atoms and possessing 
great inertia that enter into the composition of organised 
bodies. As result of the working of these colloid bodies 
under the influence of external forces, large stores of energy 
are liberated, and waste products, in the form of carbonic 
acid, water and ammonia, are formed. These three products 
of the working of the tissues are highly mobile, and hence 
their necessary escape from the body is rapid. 
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The crystalloid and colloid conditions of matter, appearing^ 
respectively in the inorganic and the organic groups, have been 
called statical and dynamical conditions, and the terms are 
of value if the one imply that the crystalloid condition is 
one not readily changed under the incidence of external 
forces, and the other that the colloid condition does readily 
undergo transformation under such incidence. 

D. Homology, from oftotos, like, Aoyos, science. Like- 
ness in Structure. Amongst morphological facts, few are 
more interesting to the evolutionist than those referring to> 
homology. The kinship in structure between organs met 
■with in different animals, and often apparently very different 
in nature one from the other, the discovery of such kinships,^ 
and the linking together of structures that seem to be wide 
as the poles asunder, by the observation of multitudinous 
intermediate structures, are branches of biological study as 
interesting as they are important. The key to very much 
in evolution is to be found in the proper study of homology, 
or likeness in structure. A few typical instances of homo* 
logous structures will be given. 

(1) The spore cases of ferns and plant hairs. The little 
brown patches that are seen on the backs of the leaves of ferns 
are collections of minute cases containing spores. The spores 
are still more minute structures that will help, under favorable 
circumstances, to ultimately reproduce the fern. Each of these 
little cases contains many spores, is made of many cells, is gene- 
rally provided with a curious elastic ring, whose contraction 
serves to rupture it and to liberate the spores. Yet, com- 
plex as are these spore- cases, the history of their develop- 
ment shows that they are but modified hairs. That which 
in other plants, and in other parts of the same plant, becomes 
simply an extension of the epidermis, in the ferns becomes^ 
when formed on the back of its leaves, a remarkable spore- 
case with its remarkable contents. Nay this homology may be 
carried much further than this, for extensions of the epider- 
mis of plants, whether they be simply hairs, or scales, or 
stinging apparatus, or secreting glands, or spore-cases, or 
bristles or prickles, or even, in some cases, reproductive organs, 
are regarded as having a community of structure. They 
are all homologues one of the other, and are all included 
under the wide-reaching name of Trichomes, from Opii, sl 
hair. 
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(2) The leaves and the flower organs^ All the parts of 
an ordinary flower are metamoi^phosed leaves. The green 
outer sepals, the brightly- colored petals, the threadlike 
stamens with pollen-laden heads, and the green carpels witli 
their contained unripe seeds, each and all are homologues of 
the leaf. That this is the case is shown (a) by the transition 
forms that are met with connecting together leaves, bracts, 
sepals, petals, and stamens ; (b) by the structure of the 
parts of the flower being largely identical with that of the 
leaf; (c) by the history of the development of the floral 
organs from structures that in the early stages are indis- 
tinguishable from leaves ; (d) by the re vers^ion in certain 
cases of parts or of the whole of a flower to the condition 
of leaves. The parts of the flower are therefore homo- 
logues of leaves, and the flower itself a homologue of a 
branch. 

(3) The upper andlower extremities in man. Diverse as their 
functions are, the upper and lower extremities in the human 
being are built on similar lines. The arch that supports the 
upper has its homologue in the arch that supports the lower. 
The scapula, or blade-bone, and clavicle, or collar-bone, 
represent, and are represented by ossa innominata, or hip- 
bones. The scapula and clavicle make the arch that sup- 
ports the upper limb : the ossa innominata constitute the 
major part of the pelvis or bony basin into whose sides 
the highest bones of the lower limb are fixed. The 
humerus, or the bone that extends from the shoulder ta 
the elbow, corresponds with the femur, or the bone that 
extends from the hip to the knee. The two bones of the- 
fore- arm, the radius on the thumb side and the ulna on 
the little-finger side, correspond with the two bones of tlie 
leg, the tibia on the big-toe side, and the fibula on the little- 
toe side. The carpus or wrist with its eight bones represents 
the tarsus or ancle with its seven, one of which really con- 
sists of two. The five meta-carpal in the palm of the 
hand, and meta-tarsal in the sole of the foot are 
alike, and each hand and each foot possesses fourteen 
phalanges or bones of the digits. Further, every muscle 
in the arm has its representative in the leg. The distri- 
bution of the blood-vessels and the nerves in the two limbs 
is the same. Here then is a striking instance of homolog}v 
The upper and the lower limbs are strikingly alike ia 
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structure, but are clearly very unlike in the functions that 
they respectively perform, 

(4) The swim-bladder of the fish and the lung of the man. 
It has been already shown that the lung of air breathing 
Vertebrata is probably an evolution from the swim-bladder 
of the water-dwelling Vertebrata. The history of the de- 
velopment of the two, the position of the two organs in their 
respective body-cavities, the study of many intermediate 
forms, all point to the fact that the structural natures of 
these organs so widely different in their functions are one. 
Here again is homology without any similarity of function. 



V 
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CHAPTER VII. 

Physiology. 

Some of the most general facts ai d principles in connexion 
with Physiology will now be studied. Physiology is the 
study of the functions of living beings, and function, it ia 
to be remembered, is the transformation of motion. 

Under this head we shall study : (a) Waste and Repair^ 
(b) Physiological Units, (c) Function Curves, (d) Analogy,. 
(e) Von Baer's Law. 

A. Waste and Repair. Whether an organ of a plant 
or animal is performing its function or is quiescent, waste 
must occur. A mere piece of iron exposed to the air and 
acted upon by its environment wastes away, and a perfectly 
still muscle, or a perfectly unused brain, the conception of 
which is not difficult, nevertheless are constantly undergoing 
slow decay. Necessarily, when the organs are at work the 
extent of that decay is increased. When the muscle works 
or the brain thinks the matter of muscle or of brain under-- 
goes large disintegration, but it is of the most vital impor- 
tance to bear in mind that every tissue of every organ of 
every living being must undergo the inevitable waste due to 
its very existence. It may undergo the decay due to its per- 
formance of the function that constitutes it part of the organ. 

When food is taken into a living organism, force is exerted 
upon it. The force of the swallowing muscles, the force of 
those present in the walls of the stomach and the intestine, 
the force due to the high temperature of the alimentary canal, 
the force due to the action upon that food of the secretions 
from salivary glands, gastric glands, intestinal glands, liver 
and pancreas tdl come into play. From the moment that the 
piece of food enters into the body until its digestion is com- 
plete, energy is being devoted to it. Nay, after its digestion 
is complete, and it is being absorbed by the lacteals of the 
intestine, carried by jthem to the blood, by the blood to the 
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"body generally, and stored up in the various organs of the 
body, during the whole of this time energy is being exerted 
upon it. As result of all this force working upon the food, 
we have that food transformed, say, into a portion of muscle 
or into a portion of nerve. It is now in a state of high poten- 
tial enei'gy — a state of unstable equilibrium. If the organ of 
which it formed part does no work, yet this transformed 
piece of food slowly decays into carbonic acid, water, and 
ammonia. If the organ whereof it forms part does work, 
the transformation is but the more sudden. Even if the 
body of which it formed part die, the transformation into 
carbonic acid, water, and ammonia of that portion of the 
dead body into which this particular piece of food has been 
converted is identical, in nature and amount, with the trans- 
formation that would have occurred had the living organ 
remained quiescent, performing no function. And just as 
much power is given out, or, in more technical language, 
just as much potential energy becomes kinetic, when the 
transformed piece of food returns to the simpler condition of 
<!arbonic acid, water, and ammonia, as was exerted by the 
living body upon that food in changing it into body matter. 
Throughout the whole of this process there is no loophole 
for the admission of any special vital force. The amounts 
of motion expended in the one direction and in the other are 
identical. The endowment of the part of the living body 
constructed out of the food with a special " vital " capacity 
involves the creation of motion. 

Each portion of energy exerted by an organism implies, 
therefore, to us the transformation of as much organic 
matter as contained that energy in a latent or potential con- 
dition. Whilst one of the characteristics of living beings is, 
then, to raise simpler matter (such as the constituents of the 
food) to a more complex condition, and, again, in the very 
performance of life-functions, to reduce the more complex to 
the simpler, whilst life involves constant waste, and, there- 
fore, constant repair, it should be noticed that, the lower the 
life, the less the waste and the less the repair. Compare 
the existence of a tree with that of an animal. There is 
waste and there is repair in the tree, but the amount of both 
in a given time is far inferior to that encountered in animals, 
even low down in the scale. Or compare, again, such an 
»nimal as an oyster with a fish. The amount of waste in 
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^the oyster s body is, palpably, far less than that in the fish. 
As palpably is the amount of waste in the fish's body less 
than that in the mammars. The low creatures live slowly. 
The high creatures live active, energetic lives, wherein there 
is much waste of the rightful order, much constant repair. 
Hence substitution of the better for the worse, hence con- 
stant change. The dull, stagnant life, that is existence 
rather than life, is unknown to the lofty ones. Ceaseless 
change, constant alteration of the environment, and all that 
which responds to it, infinity of relationships to those out- 
. side us, the touch of the world at so many points that the 
life becomes rounded and complete, these are the character- 
istics of the higher life. 

Yet further, for special waste there must be special repair. 
If a particular organ is employed in excess, the decay of 
its special tissues will be in excess, and there will be 
demand upon the nutritive fluid for a special supply of the 
materials constituting them. The cricket-player, at the 
«nd of a hard day's leather-hunting, has made special 
' demands upon his muscles ; special waste of those muscles 
has taken place. For the purpose of their recuperation it 
will be necessary that he take food rich in the nitrogenous 
matters essential to the re-formation of muscle. The student 
during a long day has been poring over the universal com- 
forters called books ; special demands have been made upon 
his nervous structures and there has been of these special 
waste. He, in his, turn, taking food, withdraws from that 
food the special matters, rich in phosphorus, necessary for 
the repair of nerve-structure. 

B. Physiological Units, How is this repair dealt with 
in the preceding paragraphs effected? Part of the body has 
been hard at work. It is exhausted. Its tissue has been in 
large measure disintegrated. What is the method of its 
restoration? The fresh, lifeful, arterial blood comes 
coursing through the organ. That blood is rich with a 
thousand matters. Out of these the worked-out tissues 
select such as are of avail to them. The muscle does not 
select what is only of value to the nerve ; the nerve rejects 
materials that are only necessary for the muscle. Each organ 
• out of the multitudinous constituents of the blood takes its 
•own. Certain units out of myriads are removed by each 
part, and, yet more mysterious, the units of the tissues are 
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not the same as those of the blood. Dissolved in the blood! 
is encountered nothing that could by possibility be called 
muscular or nervous or connective tissue, yet the necessary 
atoms are selected and are transformed into muscular or 
nervous or connective tissue. This power is not resi- 
dent in chemical units, for the chemical constitution 
of the tissues of all animals is practically the same. 
From the lowest to the highest the chemical units are 
reducible to proteids. Yet, consider the infinite diver- 
sity of animals. Or, taking the case of one animal, its 
various tissues have a like chemical constitution ultimately,! 
though their nature and their functions differ widely. Re- 
duced to their proximate compounds, the same chemical sub- 
stances are found running through all. Clearly this power 
of special selection of special things by special organs cannot 
be resident in chemical units. Again, it is impossible to 
conceive it As resident in morphological units, even if the 
morphological unit be regarded as a cell. The cell is not 
universal in completely-formed and active tissues. Consider 
for a moment the restoration occurring in a healing wound. 
A fluid is poured out from the blood over the surface of the- 
wound, a fluid that contains no trace of the cells, or fibres^ 
or vessels that are necessary for the restoration of the- 
destroyed structure. The surface and boundaries of the- 
wound do not necessarily contain the same structures as those 
that are to be re-formed, and yet, out of that fluid poured^ 
out from the blood, skin, blood-vessels, nerves, lymphatics,, 
connective tissue, even bone itself, will be formed. It 
is difficult, therefore, to assign this power of selection- 
to either chemical or morphological units. Hence the 
convenient, and probably accurate, hypothesis of physio* 
logical units made of chemical units, and having the- 
power of selecting from the nutritive fluid the requisite 

I materials for the repair of tissues. They even possess the 
power of influencing the form of the aggregate that they are- 

[ building up piece by piece. A child is bom with a bifld 
thumb. One of the divisions is removed by amputation. It 
is weU-known that there is great likelihood of that division' 
growing again. In that case we conceive of physiological 
units selecting from the blood certain materials, and slowly 
building up the form of the removed part once more. That 
will be an illustration of what is meant by these units nut only^ 
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fielecting special inateriab but influencing the form of the aggre- 
gate that is to be constructed. Lastly, we are bound to con- 
ceive of these as distinct from one another in different beings. 
The lobster whose claw is removed builds up another claw. 
The salamander whose leg is amputated builds up another leg. 
The man whose nail is extracted forms another nail. And 
hence we are entitled to believe that in these three, and in 
other living beings, and in different parts of the same being, 
the physiological units differ in their nature, select different 
materials from the blood, build up different structures. 

C. FunctioU'Curves, — ^Living beings perform their various 
functions with varying degrees of energy at different times. 
The amounts of muscular force put forth by a baby, a child, 
a boy, a youth, a grown, a midcQe-aged, an old man, a non- 
agenarian, differ enormously in quantity. Each function is 
at first exercised in very slight degree, increases gradually 
in extent, reaches a maximum, declines, and is ultimately 
no longer performed. Subject to minor, secondary fluctua- 
tions, the amount of the function steadily increases until the 
maximum is reached, and then steadily decreases. Following 
a simple mathematical method, let us mark off along a 
horizontal line a series of equal lengths to represent equal 
periods of time during which some special function — say, 
e.^., the formation of green color matter by a plant or the 
performance of muscular movement by an animal — ^is occur- 
ring. At the extremity of each of these equal lines 
measured in the horizontal direction let us draw vertical 
lines whose lengths shall represent the intensity of the 
function at the particular time. We shall thus have a 
horizontal line made up of very numerous equal small pieces 
representing the time and the divisions of the time during 
which the particular function is performed. We shall have 
also a series of vertical lines of different lengths represent- 
ing the degree or intensity or amount of the function at 
different periods. If a line be now drawn connecting the 
summits of the vertical lines, this new line will be a curve, 
first ascending, and then descending, and may be called a 
function-curve. The closely accurate construction of such 
function-curves has yet to be carried out, but the general 
fact that they can^ be formed is assured. As the tide 
steadily rises to its full height and then steadily falls while 
there are the secondary ebbs and flows of successive waves, 
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so any fanction of a living being, whilst there may be 
diurnal or even hourly secondary increase and diminution, 
yet in the main rises to its maximum, and falls away again 
to nothing. 

Such curves are constructable in relation to other elements 
than time. Thus the performance of any particular func- 
tion is closely connected with temperature. Probably every 
organ-action of every living being has a definite range of 
temperature within which it can occur and outside the limits 
of which that particular organ-action is not possible. There 
is a lower and an upper limit. Consider the function of 
germination in wheat. Below the temperature of 5^ C. ger- 
mination cannot occur, as far as present observations go. 
Above the temperature of 38^ C. germination cannot 
take place, as far as present observations go. Between 
these two limits wheat-seeds, certain other necessary condi- 
tions being fulfilled, will grow. Again as the temperature 
to which the seeds are exposed rises from the lower of these 
two limits towards the upper the activity of the seed-growth 
increases, until a certain intermediate temperature is reached 
whereat germination is at its maximum. At temperatures 
between this special one and the higher limit, less and less is 
the energy of the process. In short, if we mark off again 
along a horizontal line equal lengths to represent degrees or 
fractions of a degree of temperature and draw at the ex- 
tremities of these equal lengths vertical lines whose lengths 
represent the intensity of the function at the given times 
and if the successive summits of these vertical lines be 
joined we shall have an ascending and descending curve 
again. This might be called the function-curve in relation 
to temperature as the former one was the function-curve in 
relation to time. When curves of like nature to these have 
been built up for the different functions of plants and animals 
in relation to time, temperature, electricity, light, hygrometric 
conditions, age, sex, bulk, and so forth there wiU the possi- 
bility of a much clearer insight into the connexion between 
life phaenomena and so-called physical agencies. 

D. ^Tui^^.^- Whilst dealing with iHorphology, we had 
occasion to discuss homology, or likeness in structure. Now 
that physiology is our subject of study, we encounter analogy. 
This is likeness in function. Parts of organisms are analo- 
gous when they perform similar actions, but are not neces- 
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fsarily connected with each other by any community of origin 
or of anatomical nature. As instances of analogy, let us 
•consider the following. 

(1.) The antherozoids of ferns and the pollen-grains 
of a rose. The spores on the back of fern-leaves are 
only of the nature of buds. They are not sexual. 
When they fall into suitable earth, under suitable condi- 
tions, they grow up, not into a fern like that whence 
they came, but into a small green cellular expansion. In 
this are formed true reproducing organs, very minute and 
not easy of discovery. Hence, indeed, the name of the 
gre&t sub-kingdom of plants to which the fern belongs. It 
is the sub-kingdom Cryptogamia, from K/ovrrros, hidden, 
^a/Aos, marriage. Within the male organ are developed 
very minute oddly-shaped bodies, provided with cilia, or fine 
hairs, by the aid of whose vibratile motion these antherozoids 
move about actively, and ultimately may reach and impreg- 
nate the female cell. In the flower of the rose are the 
yellow stamens, with their anther caps rich in pollen. Each 
grain of this pollen-dust is a complex cell, with highly- 
organised contents. It may be borne by wind or insect to 
the female portion of a flower kindred to that whence it 
came, and, growing down the style into the seed-case below, 
ultimately impregnate the female cell. Here, then, are two 
structures, the antherozoid of the fern and the pollen-cell of 
the flowering-plant, dissimilar in origin, in development, in 
structure, but performing the same function, that of fertilisa- 
tion of the female cell. They are not homologous. They 
jtre analogous. Indeed, in this case the analogy may be 
stretched yet further without strain. These fertilising struc- 
tures are analogues of the spermatozoids of animals. 

(2) The gills of a fish and the lungs of a man. The gills of 
.the fish are developed upon certain arches connected with 
the pharynx of the animal. Man has a representative of 
those gill-bearing arches in certain portions of the hyoid bone 
that exists in the neck and supports the tongue. It carries 
nothing to represent gills. But whilst the horns or cornua 
•of the hyoid are homologues of the gill-carrying arches, and 
whilst no exact homologue of the gill is borne by iJiem, 
the lungs of the man peif orm the same office as that belong- 
ing to the gills of the fish. Lungs and gills are breathing 
•apparatus. They both serve for introduction of oxygen into 
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the blood, and for elimination of carbon dioxide from the blood. 
Their respective positions in the body, their connexions, de- 
velopments and structure differ. Thej are not homologous. 
But they both perform the same function : they are both respi* 
) ratory organs. They are analogous. And this analogy may be 
^ carried yet further, also without strain. For the lungs of 
the higher Yertebrata are not only analogues of the gills of 
Pisces, but are analogues of the tracheae or air-tubes of 
Insecta, of the gills of Crustacea and Mollusca, of the 
pseud-haemal vessels of the Earthworm, the water- vascular 
system of the Tape- worm, the contractile vesicles of the 
Infusoria, and the general surface of the plant. All of these 
parts so different in structure perform a like function. All 
are respiratory. Each is an analogue of all the rest. 

E. Von Baer^s Law. — Von Baer, a German, bom in 
1792, and Professor of Zoology at Kbnigsberg— ^f whom 
it has been written that he has touched nothing upon which 
he has not thrown a flood of light — amongst other important 
generalisations in biological science, enunciated the principle 
known to-day by his name. Accurately and fully stated 
this generalisation runs thus : that in the lower animals all 
parts of the body perform indifferently all functions, but 
that as we ascend in the animal kingdom special parts are 
set aside for special functions. Briefly, it is the principle of 
the progress from the general to the special, and it goes 
hand in hand with the idea involved in the phrase of Milne- 
Edwards, *' the physiological division of labor." In the lowest 
plants and animals every part of the organism performs 
every function. No special organs or even special regions 
are devoted te particular fimctions. In the single cell of 
the Yeast Fungus or in the plastid ctJled Amoeba every part 
does everything. The body functions are not yet divided 
amongst different organs. But as we pass from lowest to 
higher, and on towards the highest, following in the foot- 
steps of evolution, we meet with advancing specialisation. 
Regions of the body at first take on separate functions. 
Gradually, the regions become more and more specialised, 
and what was only a region becomes an organ. In place of 
the performance of functions in the lowly-organised beings 
indifferently, in both senses, by any part of the body, we 
find special organs performing special functions far more 
thoroughly; and the higher we ascend the more complete is- 
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the specialisation, the more thorough the physiological 
division of labor, the greater the number of organs per- 
forming particular functions, and the more thorough the 
performance of those functions. 

To illustrate this principle, let us consider one special 
function in the light of this luminous generalisation. We 
will select that of Digestion, and confine our attention to its 
evolution from the simple to the complex in the animal 
kingdom only. 

(1) Gregarina. — The Gregarine is a lowly-organised 
•creature, infestiog the cockroach especially. It takes in 
by the whole surface of its body food already prepared for 
it by the animal within which it lives. Lying inert within 
the intestine of its host, the Gregarine receives food already 
digested, ingests it by all or by any part of its exterior, and 
probably exerts upon it but little action. 

(2) Amoeba. — Here, again, the general surface is the 
mouth. At any part the food can be taken in. But there 
are advances upon the condition of things met with io the 
Gregarine. The food of the Amoeba is not food that has 
been previously digested. It lives in water, not in the 
interior of another animal. Again, the Amoeba puts out 
processes of its body to seize its food. From any part of 
its organisation extensions can be protruded that, moving 
towards the food-particle, seize upon and draw it into the 
substance of the animal. The ingested food moves slowly 
through the actual protoplasmic mass of the Amoeba's body; 
not through any definite canal, but forcing its way through 
the semi-fluid protoplasm, growing in its passage less and 
less in bulk as the surrounding mass absorbs the nutritive 
portions, and finally being extruded, as far as the non- 
absorbed parts are concerfiedy at any point in the general 
surface. 

(3) Infusoria. — ^In the microscopic animals that swarm in 
vegetable infusions a definite mouth is met with for the first 
time. The members of this large and important class have, 
for the most part, a definite opening for the in-taking of 
food. This mouth leads into the beginning of an alimentary 
canal. It is only the beginning, for the canal or gullet or 
oesophagus, is very short, and is clogged at its base by the 
protoplasm of the mass of the body. After passing in at 
the mouth and down the short gullet, the food has to force 
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its way through the body protoplasm again, just as bt. 
Amoeba. But the advance in this case is not only shown in 
the presence of a mouth and of a commencing digestive- 
tract It is further demonstrated in the fact that the food- 
pellets, after plunging into the protoplasm as conclusion of 
their descent down the pervious oesophagus, take a definite 
course through the protoplasm, moving steadily round just 
within the outer body-walls. As they thus move round,, 
they become smaller as result of the absorption from 
them of the nutritious portions, and finally the parts not 
absorbed by the animal are extruded not at a definite open- 
ing, but at a definite region. There is no aperture for the^ 
egestion as there is for the ingestion, but there is a region. 
The parts not digested always make their exit from the 
Infusorium at one particular part of the body. 

(4) Hydra. — ^The little Hydra or Freshwater Polype on 
the water- weeds presents the next stage in the evolution of 
the digestive apparatus. Encircled by the long, active, 
sensitive tentacles is the mouth. This leads into a central 
cavity occupying the whole of the body and only limited by 
the body- walls. This cavity is at once the body-cavity, and 
the digestive cavity. The two are not yet distinct. They are 
one and the same. The food passes in at the mouth into 
the cavity that is both gastric (yaarrjp, stomach) and 
somatic (o-cofia, body), is there digested and has its nutritious 
parts absorbed by the inner walls of the cavity. That which 
is not used is given out again by the same aperture as that 
by which the food was ingested. 

(5) S^a-anemone. — ^In the Sea-anemone and its allies a 
further movement in the direction of complexity occurs. 
Here, also, is a mouth surrounded by tentacles and opening 
into a gastric cavity. But the gastric cavity is not one with< 
the somatic. It is suspended within the latter. The Sea- 
anemone is in truth a double bag, the outer portion consist- 
ing of the body-wall, and the inner of the digestive sac. A 
piece of food passes through the mouth into the latter, then - 
through an aperture in the floor of the digestive sac into the 
general body-cavity. Thence any indigestible residue makes 
its escape through the hollow tentacles with their open ends. 
The alimentary canal is marked off from the body cavity, but 
opens into it and is not sub-divided into distinct regions. 

(6) Entozoa. — ^The animals that infest the interior of' 



Biological Discoveries and Problems. 55 

other animals present in certain cases a mouth and an 
alimentary caniJ that is completely shut off from the body- 
cavity. There is no longer any opening of the one into the 
other. But the alimentary canal, though it may.be divided, 
IS not differentiated off into definite regions, nor has it any 
opening other than the mouth. The mouth leads into a 
tube of simple though possibly divided nature, ending blindly 
and neither communicating with the body-cavity nor the 
exterior. StiU, in the complete isolation of the two tubes, 
Bomatic and gastric from each other, there is an advance. 

(7) Earthworm. — A mouth, a straight alimentary canal 
and a distal opening. Here not only is the iutestinal tube 
shut off from the body-tube wherein it lies, but it has direct 
communication with the exterior by means of two apertures,, 
and not one only. As yet, however, the digestive tube i» 
straight and presents no sub-division into stomach and 
intestine. 

(8) Leech. — ^In this close ally of the Earthworm, belong- 
ing to the same class Annelida, the alimentary canal has alt 
the advantages possessed by that of the Earthworm, with 
others in addition. The tube is no longer of uniform 
diameter as in the Earthworm, nor is it undivided. It is 
expanded at certain regions or sacculated, and it gives off 
two extensions near the posterior end of the body that end 
blindly. 

(9) Insect. — ^The higher ringed animals, as the Scorpion,. 
Insect, Lobster, have a mouth and an alimentary canal pre- 
senting a clear division into a stomach or specisJ expansion,, 
and an intestine of less diameter than the stomach. The 
stomach, save in the very highest, is simple and not divided 
into two or three regions, and the intestine is straight and 
lies all in one vertical plane. 

(10) Mollusca. — ^The soft-bodied animals, as the Snail,. 
Oyster, Cuttle-Fish, possess all the parts to which reference 
has just been made. But the stomach in most of these is 
complex, and divided into two or three parts, crop, gizzard^ 
true stomach, and the intestine is not straight, but coiled, 
and does not lie in the same vertical plane. Still the intes- 
tine is not as yet clearly sub-divided into separate regions. 

(11) Finally, in the Vertebrata, the mouth, gullet, 
stomach, intestine, and terminal opening of the lower 
animals all appear, and in addition the intestinal region is 
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clearly differentiated into several divisions, whose nnmben 
and whose difference one from the other increase the higher 
we ascend in the animal kingdom. 

Thus has been traced out in brief the application of the 
principle of Von Baer to the structure of the digestive 
organs of animals. It will be noticed that reference has 
only been made to the morphological phsenomena. Histo- 
logical and physiological advance in complexity have not 
been considered. They might be worked out along similar 
lines. And yet more generaUy every function, and the organs 
concerned in every function, might be dealt with in similar 
manner, and would furnish fresh evidence in favor of tlie 
principle of the ** progress from the general to the speciaL" 
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CHAPTER VIII. 

Physiology op Repboduction. 

Haying considered certain general physiological principles it 
seems well to devote special attention to one particular division 
of physiology. Perhaps none is more important as object of 
study than the physiology of reproduction. Upon this 
function depends not the life of the individual, but the life 
of the species. Adopting the technical name of Genesis 
(ycvvao) » I produce) as synonymous with the more ordinary 
word Reproduction, we pass to the consideration of the 
function connoted by either of these words. The subject 
will be considered under the following heads : A. Genesis 
generally, B. Genesis in Plants, C. Genesis in Animals. 

A. Genesis generally. — At the outset it is necessary to 
distinguish between the two chief methods of genesis. A 
plant may be reproduced by buds, or by slips. Certain 
animals also are reproduced by budding. And in these 
•cases where only one individual is concerned, to use the 
ordinary phraseology, the reproduction is asexual or aga- 
mogenetic (a = without, ya/xo^ = marriage). On the other 
hand plants are frequently reproduced by seeds. Certain 
ovules impregnated by certain pollen structures develope 
into a plant of like nature to the parents. Again, in animals, 
certain eggs, or ova, are impregnated by a fertilising agent 
known as the spermatozoon, and develop into an animal 
of like nature to the parent. This method of genesis 
wherein two individuals are as a rule concerned is called 
-sexual reproduction or gamogenesis. For a little while 
let us pause upon the comparison of, and the relation be- 
tween, these two methods. 

(1) Agamogenesis. — ^In the budding of plants, and in the 
budcQng of new forms from such lower animals as the 
Hydra, we have instances of agamogenetic reproduction. 
It is usual' to say that in this method only one individual 
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is concerned. But as in the first place there is some con- 
fusion about the use of the phrase ^' biological individual," 
and as in the second place gamogenesis assuredly occurs in> 
certain plants and animals within the limits of the individual, 
a clearer definition is desirable. Agamogenesis or asexual 
reproduction occurs when the structure that is to be developed 
into the new being is formed of one cell, or of a series of 
cells of precisely similar nature. Thus when the jeast- 
plant, which as a whole consists of but one cell, buds off 
another precisely similar cell we have a form of agamo- 
genesis. There is no differentiation observable, save 
temporarily in the matter of size, between the parent and the 
offshoots from it. Or, again, when a rose-tree gives off a 
much more complex bud than that of the yeast, that bud' 
consists of a mass of precisely similar cells. It is true that 
they differentiate afterwards into fibres and vessels, but no- 
contact with, or influence of, some other-natured cell is 
necessary to set the cells of the simple homogeneous bud on< 
its path of further development. 

This form of genesis in which there is no indication 
whatever of sex occurs during the time that the growth of 
the individual is most active. There is much more agamo- 
genesis in summer than in winter, much more agamogenesis^ 
during youth than during adult life. 

(2) Gamogenesis. In the formation of the seeds of plants, 
and in the formation of the ripened eggs or ova of animals, 
we have cases of gamogenesis, or true sexual reproduction. 
The statement that two individuals are always concerned in. 
this method hardly seems exhaustive. Truly in all cases of 
cross-fertilisation in plants, and in all cases of cross-fertili- 
sation in animals two individuals are concerned. But consider 
the instances of self -fertilisation in plants, where pollen 
from the stamens of flower A impregnates the ovule in the 
gyncecium of flower A, or consider the self-impregnatioa. 
that occurs in the tapeworm and other parasites upon higher 
forms of life. Here very clearly two individuals are not 
concerned. The converse of our definition of agamogenesia 
may be taken to deflne this form of reproduction. Gamo- 
genesis occurs when the structure that is to be developed 
into the new being is formed as result of the junction of two* 
dissimilar plastids or of two dissimilar cells. Thus the^ 
plastid, known as the germinal vesicle, within the ovule or 
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unripe seed of a plant is impinged upon by the contents of the 
pollen-grain when impregnation takes place. This pUdtid 
or germinal vesicle in tHe ovule is different in structure, 
different in composition, different in iocation, different in all 
its surroundings from the pollen-grain. Here, then, is- 
contact between two dissimilar structures, and this act is an> 
act of sexual or gamogenetic reproduction. Still more 
different are the two structures that collide in the sexual 
reproduction of animals. The ovmn, or the egg, of the 
animal, with its external membrane, its highly-organised 
contents, its central more condensed structure is different in 
structure, different in composition, different in location, 
different in all its surroundings from the mobile sperma- 
tozoon that is to fertilise it. Contact of two dissimilcur 
structures is necessary for this higher form of reproduction, 
and it is usual to distinguish the receptive structure from- 
the active structure by the respective names of female and 
male. The female will be the one that after stimulus will 
develop into the new being ; the male is the one that furnishes 
that stimulus. No matter how complex the surroundings 
may be of the act of sexual reproduction, the essentials 
remain the same throughout. Whether we consider the 
simple fertilisation one by the other of two threads of a low 
Alga, or consider the fertilisation of the higher animals with 
all its complex accompanying conditions that furnish 
materials for the most intricate problems in sociology, in all 
cases the one absolute requisite is the contact of these two- 
dissimilar structures. 

Sooner or later, however extensively agamogenesis may 
obtain it would appear that gamogenesis must take place. 
Offshoot after offshoot may be produced asexually by a 
plant, but it would seem that at some period or another, 
gamogenesis must intervene. 

It is now necessary to insist upon the fact that the repro- 
ductive structures of which we are speaking, are not exceed- 
ingly specialised in their nature. The first impulse is ta 
consider that those parts of the organism, upon whose colli- 
sion such momentous results ensue, would be exceedingly 
highly organised, exceedingly advanced in their differentia- 
tion and development. But on the contrary, the reproduc- 
tive structures are those that have undergone least change 
from the fundamental condition. They are akin to the 
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parts which constitute the whole of the animal or plant in 
the earliest and simplest condition. Whereas other cells 
have become transformed, and passed into the condition of 
fibres and of vessels, these reproductive structures have not 
•changed at all from the primordial condition. In that 
-earliest state all the constituents of the living body have the 
-capacity for reproduction. In the majority of these con- 
stituents, that capacity becomes lost. Several pass into 
other arrangements and assume other forms. But in certain 
of them this original condition is retained, and the parts of 
the organism thus retaining the primordial condition and not 
undergoing change are those whose functions will be repro- 
ductive. As stiU further illustrating this, let it be remem- 
bered that even in the highest animals the reproductive 
organs ^ within which these reproductive structures are de- 
veloped, are as a rule of the very simplest possible tissues. 

As we saw that agamogenesis was most notable when 
growth was strongest, so do we see that gamogenesis is most 
notable when growth is at its minimum. By this one does 
not mean that gamogenesis occurs only when decay has set 
in, but rather that it takes place when further growth of the 
body does not occur — when the organism is at its strongest 
and best, food supply being wholly used in the maintenance, 
not in the extension of the body. A condition of moving 
equilibrium in effect now obtains. Thus gamogenesis is 
more marked in the winter than in the summer, is distinctly 
the function of the adult and not of the youthful condition. 
Finally, as further illustrating this important principle, it 
should be observed that the more nutrition there is, the less 
the probability of gamogenesis. Over-feed a plant, it will 
bud perhaps but not seed. Over-feed and over- burden with 
luxuries the man, and there is deterioration of the produc- 
tive power and of the offspring that may be produced. 

B. Genesis in Plants.— (1) Agamogenesis. The asexual 
form of reproduction in the vegetable kingdom is exhibited in 
budding chiefly. When in the angle between the leaf or 
leaf-scale and the stem of a Lily a Uttie collection of similar 
cells appears, becomes detached from the parent plant and, 
fixing itself into the ground, grows up into a new Lily, we 
have a case of budding or germination (gemma = a bud). 
The propagation of plants by slips or cuttings, wherein a 
^Bmall piece oi stem, bud-bearing, detatdied from the plant 



Biological Discoveries and Problems, 6t 

and placed in the ground developes into a whole plant, or, 
by layers whereia the piece of stem to be detached is made 
to stnke root ere it is separated from the parent stock, these 
forms of propagation are again agamogenetic. 

(2) Gamogenesis. — The sexual method of reproduction 
implies the contact with one another of two dissimilar 
structures. In the higher plants these are the pollen-contents 
or male or stimulating structure and the plastid within the 
ovule. This plastid is the female or receptive structure.. 
The pollen-grain is a cell with two coats and rich contents. 
The ovule or unripe seed contains within it a sac or case 
known as the embryoHsac. Within this sac are two or three 
plastids-— I.e., masses of protoplasm not surrounded by a 
definite cell wall. Of old time it was held that the pollen- 
grain of any given flower fertilised the plastid contained in 
the ovule of the same flower. This self -fertilisation is, how- 
ever, very rare. In the forthcoming '' Students' Darwin,*' 
by the present writer, will be found a full account of that 
cross-fertilisation, wherein the plastid of a given flower is 
fertilised by pollen from another flower of the same kind. 
It will suffice here to state that whilst self -fertilisation is 
rare, cross-fertilisation is very common. The inevitable 
question arises, How is it affected ? How can pollen from 
one flower pass to the stigma or summit of the female organ 
of another on its way to impregnation ? In two ways, 
(a) By the agency of the wind. Consider the Oak-tree. 
In the spring days, the Oak hangs out long, little yellow 
tails that are collections of male flowers, and whose golden 
hue is due to multitudinous poUen-grains. In the same 
tree, but in different parts, you will find quiet, unobtrusive 
female flowers with stigmas tinged with crimson. The 
pollen from the yellow tails is borne by the spring breezes 
to the tips of the tiny female flowers and impregnates the 
plastids in the one or two ovules. Oaks, Hazels, Beeches, 
Willows, Poplars, Alders, Birches, Grasses, Plaintains, a 
score of other plants, are thus wind-aided in their genesis. 
Such plants are named anemophilous (avcfiosswind, ^iXc«i> 
tssi love). They are known by these marks, (i.) The 
flowers are formed ere the leaves. Thus the leaves do not 
get in the way of the wind-driven pollen and prevent it 
reaching the stigma, (li) The flowers are humble, having 
no brightness of hne, nor odor to attract the senses* 
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(iii.) They do not produce nectar or honey, (iv.) The 
amount of pollen-grains formed is enormous. This would 
seem to be necessary, when consideration is had of the 
vagueness of wind-currents, and of the fact that the odds are 
against pollen being carried to the exact place where the 
stigma sits and waits, (y.) The stigmas are hairy, and thus 
iCatch the floating pollen-grains with greater ease than would 
be within the power of smooth stigmas. 

{h) By the agency of insects. Consider a Violet. The 
pollen of this plant is borne by insects to the stigma of a 
'kindred flower. Orchids, Foxgloves, Lilies, Roses, Butter- 
cups — hundreds of other plants are thus insect-aided in their 
genesis. Such plants are named Entomophilous {tyroyiov 
=:insect). They are known by these marks, (i.) The leaves 
appear before the flowers, (ii.) The flowers are gay. They 
are colored, remarkable in shape in many cases, and often 
odorous, (iii.) They produce nectar, the reward of the 
insect, (iv.) The amount of pollen is small in most cases. 
The insect comes in such definite manner and carries the 
pollen so unerringly from one flower to the stigma of 
another, that the waste of pollen in the former case does not 
here occur. 

Of the value of this far more frequent cross fertilisation 
mention has already been made in connexion with the 
strength of the resulting individual and with the greater 
possibility of variation occurring under these circumstances. 
The whole question as well as that of the sex arrangements 
in plants generally will be found dealt with at large in the 
4}ook to which reference has been previously made. 

C. Genesis in animals, — ^It is proposed here to deal with 
Herbert Spencer's grouping of methods of genesis and then 
to attempt to show the gradual growth in complexity in the 
methods of reproduction as we ascend through the animal 
kingdom. (1) Herbert Spencer's grouping. Genesis is repro- 
-^uction. Of it are two chief methods, (a) Gamogenesis 
associated with agamogenesis; t.e., sexual and asexual repro- 
.duction occur in a living being. And this he names Hetero- 
genesis (€r€pos= other), {b) Gamogenesis occurs, alone. 
And this he names Homogenesis (d/jio(o«s=like). Each of 
these methods subdivides. Thus (a) Heterogenesis may take 
the form of (i.) production of new beings indifferently, from 
no specialised region of the body. And this is Metagenesis 
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•(^€Ta= after), (ii.) Production of new beings from struc- 
tures formed within an organ resembling but not identical 
with the female organ or ovary. And this is Pseudo-par- 
thenogenesis (^ei;8os=false, 7rap^€vos=a virgin), (iii.) Pro- 
duction of new beings from structures formed within an 
•actual ovary, but not fertilised by any male structure. And 
this is Parthenogenesis. Of these three divisions (i.) Meta- 
-genesis presents two forms, a. External metagenesis, p. 
Internal. Finally (b) Homogenesis wherein sexual repro- 
*duction occurs alone and unaccompanied by asexual genesis 
may take the form of (i.) Oviparous (ovum = An egg, pario 
=1 bring forth) when the product of the act of genesis is 
an egg, and the new being quits its parent in the form of an 
-egg. (iL) Ovo- viviparous, where though an egg is formed, 
it undergoes partial development within the body of the 
parent, and emerges as a living creature no longer egg- 
like, (iii.) Viviparous (vivum » a living thing), where the 
young comes into the world a living being in the ordinary 
sense of the word. 

These various forms of reproduction will now be arranged 
in a tabular form, and an example of each, generally from 
the animal kingdom, given. In one or two cases illustrations 
>from the vegetable kingdom will be taken. 



(a) Hetero- 



ii>r A fa External ... Lily buds; 
1. Metage-J HydJa buds! 



a-* 



letero- nesis \ qt a i t» i 

eenesis \ ^^ Internal... Barnacle. 

^ I ii. P8eudo-parthenogenesis.Aphis. 

[iii. Parthenogenesis Psychidoe. 

fi. Oviparous Flowering 

>- J 



(bj Homo- I plants; Birds. 

genesis I ii. Ovo- viviparous Shark. 

[iii. Viviparous Man. 



(a) i. ou — ^Tfae external buds of any ordinary flowering 
'plant call for no special comment. The Hydra, or fresh- 
water polype, may give off from points on the exterior of its 
*body buds that rapidly develop into complete Hydrse, and, 
"^detaching themselves, lead an independent existence. 

(a) i, p. In the development of the strange Barnacle the 
-egg does not form an adult Barnacle at first It grows 
.into a larval form. Of this larva there are three stages. 
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Within the larva in its third stage is formed the adult 
Baroacle. This last is a case of Metagenesis. 

(a) ii. In Aphis, or the plant-louse, the first products of 
the eggs resulting from gamogenesis are sexless insects. 
These sexless insects approximate to the female tjpe^ 
Within an organ that in position, and to some degree in 
structure, suggests an ovary, a brood of Aphides forms. 
These are set free, and in their turn produce in similar 
rudimentary organs a fi^sh brood. And this process con- 
tinues for nine generations, so that from one Aphis as many 
as several millions can be produced in one summer. This 
formation of new beings within an organ resembling an 
^ ovary approaches the next method, and hence derives its 
name. 

(a) iii. Certain insects have females possessing complete 
ovaries that contain ova' or eggs. These ova, without any 
contact with or stimulus from a male cell, develope into- 
perfect insects. There can be no doubt of the truth of this 
remarkable statement. 

(b) i. and iii. call for no special comment. 

(b) ii. In the shark, as in all other fishes, an egg results 
from the act of gamogenesis. But that egg is not, as in 
other fishes, extruded from the body and hatched outside the 
body. It is hatched within the parent, and has even a con- 
nexion with that parent during a part of the intra-maternal 
life curiously suggestive of the placenta of the Mammalian 
animal. 

(2) Yon Baer^s law applied to reproduction. It is de- 
signed in this connexion to trace out the various methods 
of reproduction in animals from the simplest conditions 
to the more complex. But as, in studying any function 
in full, it is impossible to wholly exclude one form of 
living things and entirely confine attention to the other, 
reference must be made to the plants and illustrations from 
them be used, (a) Principles, (i.) Taking Yon Baer's law 
of progress from the general to the special as our guide, we 
shall endeavor to describe briefly the various methods of 
reproduction encountered in the animal kingdom. We shaU 
find, as usual, least specialisation at first, and more speciali- 
sation the higher we ascend, (ii.) A second principle for 
omr guidance is this. Multitude of offspring is not lofty 
reproduction. Lowly organised plants and animals produce. 
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a great quantity of offspring, but whilst the quantity is great 
the quality is poor. The further down a living being is in 
the scale of living beings the more numerous its progeny, 
and the more identical are the individual members of the 
family one with another. Where the descendants are so 
numerous there is little chance of favorable variation in the 
direction of higher conditions. It is almost unnecessary to 
point out that this principle obtains right through the two 
great living kingdoms. The highest member, man, of the 
highest kingdom, animal, is a striking case in point. The 
worse than foolish people who bring into the world families 
huge in number almost invariably have children of a low 
type muscularly, mentally, morally. Repetition of similar 
parts means lowness of organisation. Thus the centipede^ 
with its numerous body segments, each one resembling in 
the main all the rest, or the tape-worm, with its body seg- 
ments still more numerous and still more identical, are 
ringed animals far more lowly organised than the insect, 
with its few segments all differing in a greater or less degree 
the one from the other. And this principle, that repetition 
of similar parts means lowness of organisation, applies in 
relation to reproduction. The repetition of child after child 
means that these children will be terribly similar in weak 
physique and inferior mental power. It is the business of 
the human beings who believe in evolution to transmit purity 
and strength both of body and mind to their children, and 
to a few of those children, not to many. 

(iii.) Again, for the thorough comprehension of the evolu- 
tion of reproduction, it is essential that the reader keep in 
mind that the best results follow when dissimilar structures 
come into collision in the production of the new being. Tlie 
greater the similarity of the structures concerned in the act 
of reproduction, the less advantageous is the result. Hence 
we shall find such similarity in the reproductive structures 
of the lower living beings, and we shall find dissimilarity in 
the reproductive structures of the highest living beings. 

(b) Grouping, (i.) Agamogenesis. Clearly agamon- 
genetic or asexual reproduction is lower than gamogenetic 
or sexual reproduction, by the very definition given in the 
preceding pages. Agamogenesis we should expect, tiiere- 
fore, to find very prevalent in the more lowly organised 
animals, and gradually disappearing as we pass up the great 

F 
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kiugdom. And this is precisely what we do find. Attempt- 
ing, with no little misgiving, to arrange the methods of 
agamogenesis in philosophical order I place first 

(a) Encystation. The gregarine that crept into all the 
newspapers, some few years back, on the supposition that it 
had been creeping into the false hair worn by women, an 
animal that is known certainly as infesting the cockroach 
and the earthworm, reproduces itself by encystation. This 
oblong-shaped, microscopic being, having structure of the 
very simplest order, consisting, indeed, of nothing more, than 
a single cell, gathers itself up into itself and becomes spheri- 
cal. Then the spherical gregarine is investsd with a gela- 
tinous surrounding, and within this case its body breaks up 
into a large number of pieces. Presently the case bursts, 
and each of these little pieces, in reality a plastid or mass 
of protoplasm escapes and grows up into a complete 
gregarine. The reproduction here is agamogenetic. The 
structures concerned are all alike. No collision of two 
different structures is apparently involved. The offspring 
are very numerous. In all respects, therefore, a low 
method of reproduction. 

(p) Fission. The class Infusoria, including the minute 
animals that float about in dirty water, wherein plants have 
been living, present this method of agamogenesis. Here an 
individual infusorium, which again is nothing more than a 
single cell, splits into two equal pieces each of which becomes 
an infusorium like the original celL In this case the number 
of offspring is only two, and we have a considerable advance 
upon encystation, but the two are from the first exactly alike 
one another and the parent. 

(y) Gemmation, or budding. Certain infusoria at certain 
times instead of splitting into two equal divisions bud off a 
small portion of their body, which grows very rapidly to the 
same size as the original animal. As far as the number of 
offspring is concerned, gemmation ranks level with fission, 
but I am inclined to place it higher in the scale because of 
the fact that one of the^ offspring produced is smaller than 
the parent, and has to undergo some small amount of de- 
velopment before it resembles the parent. And this seems to 
me to imply a higher condition of reproduction than the 
former. 

(8) Rejuvenescence. In this last method of agamogenetic 
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reproduction the unicellular being produces within itself a 
single descendant. The case is the same as encystation 
except that instead of the one cell-body breaking up into 
many pieces, within the external case is formed a single 
individual only. If one may be allowed the analogy it is a 
case reminding us of the old fable of the Phoenix. There 
is no increase in number — ^there is only a continuation of 
existence. This rejuvenescence or formation of one one- 
celled structure within another whose existence terminates . 
with the commencement of that of the former, appears to be 
the highest form of asexual reproduction. It is best seen 
in the plant kingdom in the development of poUen-grains. 

(ii.) Turning now to Gamogenesis in living beings the 
following methods are encountered : — 

(a) Conjugation. By that is mecgit the coming together 
of two structures not at present distinguishable from each 
other, and their impregnation the one by the other. This 
conjugation is best seen in the plant kingdom. Two threads 
of a water plant exactly alike in appearance are lying side 
by side in some still pool. Each of them gives out a little 
^extension on the side nearer its fellow. These protrusions 
or extensions grow to greater and greater length, at last 
.meet, melt into each other, and the interiors of the two 
threads are now in communication. Their contents mingle 
and form generally a single structure, which, liberated by the 
decay of the parent threads, will grow up into the green 
water plant again. The structure thus formed is clearly a 
seed and is known as a Zygosperm (Jvyoi/^ yoke, ar'n-€p/iia=^ 
deed). Here then is actual impregnation of the contents of 
the one thread by those of the other. But the two threads 
are exactly alike ; their contents are precisely similar. It is 
impossible to say which is stimulating, or male, and which is 
receptive, or female. Spirogyra of the fresh-water Algae is 
a case in point. 

p. Self -impregnation. In almost all animals the male 
and female structures are readily discernible the one from 
the other.. But at first they are located in the same indi- 
vidual animal. The low members of the kingdom are 
bisexual or hermaphrodite, each individual containing 1)oth 
male and female structures. In the lowest class Polyzoa 
of the soft bodied kingdom we find colonies of minute 
animals. Each member of the colony is bisexual. Its 
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sexual organs are enclosed within its body wall, and" 
probably their contents are discharged into its body cavity. 
Nothing but self -impregnation, that is the impregnation of 
the ovum or egg produced by the female organ, by the sper- 
^ matozOon produced by the male organ of the same animal 
, appears possible here. In the body cavity of each individual 
this self -impregnation takes place. 

(y) Self impregnation and Mutual impregnation. In 
many Entozoa, animals parasitic within the interior of 
others, the arrangement of the sexual organs is such that 
self -impregnation may occur. But there is also provision 
for the mutual impregnation of two individuals one by the 
other and the other by the one. Thus in the Flukes that 
infest the liver of sheep we find both sexes represented in 
each individual animal, and the sexual organs so arranged 
that one of two things may occur. Either the sperma- 
tozoa of a given individual come into contact with the ova 
of the same being and self -impregnation takes place, or two 
different individuals come together and the spermatozoa of 
the one pass to the ova of the other, whilst the spermatozoa 
of that other are also passing to the ova of the one. And 
this method we shall call mutual impregnation. It will be 
observed that these animals have mutustl impregnation 
associated with the lower forms of self-impregnation. 

{p) Mutual impregnation. In such animals as the snail, 
of the class Gasteropoda, and the leech and earth-worm of 
the class Annelida, mutual impregnation alone occurs. It 
is no longer associated with self -impregnation. 

(c) Cross-impregnation. So far we have had fertilisation 
of one structure by another identical with it, that is, conju- 
gation, fertilisation of the receptive ovum by the stimulating 
spermatozoon within the limits of the same individual, or 
self- impregnation, and that mutual impregnation in which 
an individual animal is at once the fertiliser and the fertilised. 
But now we come to cases where the sexes are completely 
separated. The animals that are now considered are uni- 
sexual. Each is either male or female. As we study these, 
we shall find the fertilisation of the ovum of the one animal 
by the spermatozoa of the other, at first left very consider- 
ably to hazard, and as we ascend we shall observe the con- 
tact of the two dissimilar structures becoming more and 
more definite and certain. Thus:-— 1. In the starfish and. 
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inanj of its allies it would appear that the eggs are 
cast out into the medium around, and the spermatozoa are 
in like fashion extruded into the water. The male and 
female structures, thus diffused through the medium in which 
the animal lives, may on certain occasions come into con- 
tact, but there must be multitudes of ova and spermatozoa 
that perish before meeting with spermatozoa or ovum, and, 
therefore, without performing their function of reproduction* 
2. The next stage is an advance upon the diffusion of both 
male and female elements into the surrounding medium. It 
involves a transference of the male element by the medium 
to the female. In the higher Mollusca, such as the cuttle- 
fish and other members of the class Cephalopoda, the ova of 
the female remain within the ovaries, but the spermatozoa 
of the male are discharged into the water, and take their 
chance of reaching the external opening of the reproductive 
organs of some female. The method is less vague and inde- 
terminate than the preceding one, but is still wanting in 
precision. 3. Direct impregnation. In the higher ringed 
animals, or Annulosa, and in almost all Yertebrata, there is 
an advance upon that method of impregnation which depends 
upon the transference of male structures by the medium. 
In the insects, the reptiles, the birds, and the mammals, 
there is the direct introduction of male fertilising structure 
into female organism, and in this way fertilisation is rendered 
almost certain. I have written almost all Yertebrata above, 
inasmuch as in the class Pisces there is a curious remnant 
of the earlier method of reproduction. Most fishes lay their 
eggs before fertilisation, and then, after these eggs have 
been extruded from the body, the male element is directly 
placed upon them. This is an interesting transition between 
impregnation by transference through a medium and direct 
impregnation. Yet another instance of transition bet-veen 
these two, with still closer approximation to the second, is 
shown in the method obtaining in certain Amphibia. The 
female frog, for instance, lays her eggs before impregnation, 
but at the very moment of dieir extrusion they are fertilised 
tby the male. 
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CHAPTER IX. 

Development. 

We have studied in the last chapter some of the chief 
points in connexion with the process that is of service in^ 
maintaining the life of the species, of the race rather than^ 
that of the individual. That process is known as reproduc- 
tion. Something of the physiology of reproduction has 
been investigated. Reproduction produces an embryo. That 
embryo has to pass through many stages, to undergo many 
changes ere the adult condition of the plant or animal is 
reached. The succession of changes whereby the embryo- 
of such plant or animal becomes the adult is known as 
development. 

By development of a plant or an animal, we mean its 
increase in mass or its growth combined with its alteration 
from a condition of less heterogeneity to one of greater 
heterogeneity. This alteration is its differentiation, and 
therefore development = growth -f differentiation. The 
development of a living being, therefore, means the series 
of changes through the which it passes in its transformation 
from its simplest and earliest condition to its most complex 
and most complete condition. The development of a man 
is the history of the changes occurring during the time that 
the first simple cell within the mother gradually evolves into • 
the adult human being. 

In the necessarily brief survey possible to me, I shall 
consider: (A) The two chief divisions of the study of 
development. (B) The theory of Pangenesis. (C) The 
evolution of development. 

(A) Divisions of Development, — These are two. We may 
either study the development of the individual or the 
development of the race. The investigation of the stages- 
whereby the individual passes from its first to its full life 
is known as Ontogeny (from cui/ssa living being, and ycvo?^ 
descent). The investigation of the development of allied. 
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forms one from another^ which in truth involves an inquiry 
into their blood-relationships one to another is known as 
Phylogeny {ffivXov = race). If we follow out the metamor- 
phoses of an insect as egg forms caterpillar, caterpillar 
becomes chrysalis, within the chrysalis the imago or perfect 
insect developes and bursting its bonds flutters out into the 
sunshine, we are studying Ontogeny. But if we ask how 
this insect is related to its fellows or to the lobster or the 
scorpion, what resemblances between these animals and 
others obtain, how we may search out the lines along which 
they have evolved from common pai*ent, then we are study- 
ing Phylogeny. 

(B) Pangenesis. — ^It is plain that in the study of Phylogeny 
the recognition of the principles of transmission from parent 
to child, of inheritance on the part of the child from the 
parent come into play. That such transmission of qualities 
even of the most special and peculiar nature exists the most 
common- place observer observes. That children inherit 
the characteristics of their parents even unto the third and 
fourth and far more distant generations is familiar to all. 
Is there any convenient hypothesis, convenient if temporary, 
that helps us to comprehend and in any way connect these 
innumerable facts of transmission and inheritance ? There 
is the hypothesis of Pangenesis (Trav = all). It is 
a hypothesis of Charles Darwin. It suggests that every part 
of an animal or a plant body-— every part of a living being 
is constantly casting off from itself particles infinitely 
many, infinitely minute. These innumerable, in i measurable 
particles called gemmules have the character of the organ, 
part or tissue from which they proceed. They gather 
together in ova, the eggs, or in spermatozoa, the male 
elements. Now, as the new being results from the coming 
together of ovum and spermatozoon, from the structure of 
the one blending with that of the other, we may opine that 
the commencing structure of the new being consisting of 
these twain, will contain gemmules from all parts of both 
parents. Therefore in the first stage of the development 
there will be multitudinous gemmules from both parents 
with all the structure and all the tendencies of the gem- 
mules given off from the parent organisms. That these 
under favorable conditions should group themselves together 
and reproduce in the offspring the structural and functional 
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arrangements encountered in the parent or parents even to 
the minutest particulars is not beyond comprehension. 

(C) Evolution in Development — ^It remains to trace out, 
with Yon Baer's law for our guide, the various stages met 
with in the development of different members of the animal 
kingdom. (1.) Plastidular. The lowest animals, in the 
whole of their life history, never rise even to the condition 
of a single cell. They are nothing more than unenclosed 
protoplasm. They are plastids. Such beings as Amceba 
come under this category. (2.). Cellular. The next stage 
is represented by the class Infusoria. Here a single cell 
represents the whole and complete animal. The cell, we 
have seen, is an advance on the plastid. It has a definite 
surrounding wall limiting the protoplasm. Of the animals 
whose development involves the production of a cell, we 
have — ^a. Those only forming one cell : the unicellular. 
p. Those formed of many cells : the multicellular. Of the 
division a an example has been given. 

Turning to )8, the multicellular, we find two groups. 1. 
Some animals consisting of more than one cell, but all the 
cells are alike. Each is a repetition of each of its fellows- 
No differentiation has occurred. Of this condition are the 
ThalassicoUidaB (^aXao-o-a = sea, KoXKiq = glue). 2. Some 
animals consisting of more than one cell, and the individual 
cells different each from others. Now definite tissues and 
organs appear. These multicellular animals, in whom dif- 
ferentiation has taken place, may have the parts of their 
body arranged indefinitely, or arranged symmetrically with 
reference to certain lines or planes. Thus the very lowest 
MoUusca consist of several organs composed of several 
tissues, but there is no main line of symmetry around which 
the parts of the body are grouped. Such development I 
would call anaxial, without an axis. The Polyzoa seem to 
exhibit this condition. But higher in the scale than this the 
body organs clearly are arranged in definite relation to one 
■or more axes. 

Of this axial development we find at first instances wherein 
the axes of symmetry are several. Consider the starfish. 
Here is a body with five arms. Each arm has the structure 
of its companion arms. Each arm has certain parts within 
it disposed symmetrically in relation to a vertical median 
plane. The starfish is multiaxial. Yet higher and the 
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axis of symmetry becomes yet simpler. In the Ascidian, 
possible representor of the far-off forerunner of the Verte- 
brate sub-kingdom, the openings of the body are two One 
is the mouth. The other may be approximately taken as 
the opposite termination of the alimentary canal. They are 
adjacent one to the other. And the organs of the body are 
disposed, on the whole, symmetrically upon opposite sides of 
an axis that runs from the mouth to the lower end or base 
of the body and then forwards again to the opening not far 
distant from the mouth. In this case the axis of symmetry 
is double, and its two parts make an angle each with the 
other. It may be regarded, perhaps, as representing the axes 
of two arms of the starfish instead of five. 

Next this double axis, with its two parts making an angle 
with eaeh other, passes into an axis that is curved. This 
may be compared with the preceding case by imagining the 
angle made by the two axes in the former case to open out, 
and the two axes originally meeting at an acute angle to 
glide into each other and to form a curve. And this arrange- 
ment of organs on opposite sides of a curved axis of symmetry 
is seen in some of the Mollusca, or soft-bodied animals. 

In yet higher members of the great kingdom the axis be- 
comes one straight axis. All the truly ringed animals and 
all the great sub- kingdom of Vertebrata show this method. 
But even of this development in relation to one straight axis 
there are divisions. Let us remember that repetition of similar 
tparts means lowness of organisation. Then let us consider 
the Tape-worm with its very numerous similar segments, 
-none of which save the very foremost carries any Umbs or 
-other appendages. From this pass to the leech with fewer 
segments but yet a large number, none of which save the 
iforemost carries limbs or other appendages. Thence pass to 
■ the earth-worm still with many like body segments, each 
'of which carries small tufts of hairs as rudimentary 
appendages. In the centipede the number of segments is 
yet further reduced and the appendages are de^ed and com- 
paratively complex legs. But the body is only marked off 
dnto two regions, viz., a head and a region succeeding thereto, 
:and the limbs are very many and all alike. In the yet 
•higher insect class the body has three defined regions, head 
-carrying sense-organs, thorax carrying motor organs (wings 
;And legs), and abdomen or posterior part of the body. The 
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segments of these three several regions are diverse io. 
structure. Even the segments of one special region are not 
alike. And the appendages are much more defined and 
differentiated. Now they have become eyes, antennae, jaws, 
three pairs of legs, and two pairs of wings. In the lobster, 
perhaps the highest stage in invertebrate animals is reached. 
The three regions are well marked-off. The appendages are 
very much more subdivided and complex than in otl^er animals. 

Finally in the Vertebrata the organs are arranged symme- 
trically on each side of a median axis, and the exceedingly 
highly differentiated limbs are reduced to two pairs. 

Hence in this brief survey we are able to observe develop- 
ment at first never passing further than the plastid stage ; 
next rising as far as the unicellular condition, then passing 
into the formation of animals of many similar cells ; anpn 
to the differentiation of those cells. And when the many 
cells begin to differ and fibres and vessels are forming, the 
development may be so indefinite that no main axis of 
symmetry is evident. Or such an axis or axes may be ob- 
servable. The axes are at first severah Next they would? 
seem to be reduced to two, at an angle with one another.. 
This angle opening out we have a curved axis of symmetry. 
The curved axis becomes a straight one and at first many 
similar unappendaged segments are ranged in relation to- 
it. The number of these segments diminishes, their dif- 
ference from each other increases, they develop appendages, 
whose number, at first great, lessens, and whose structure 
becomes more complex until we reach the higher ringed 
animals and finally the Vertebrata. Appended is a table that 
may render this complex subject plainer to the reader : — 



h 

P 



Plastidular. 

Unicellular. 

Without Differentiation. 
Anaxial. 

Multia^ial. 






l-H 



a 
o 






l-H 



a> 



c8 J 



Bin axial. 

AxiB curved. 



4 



03 

■ r-t 

H 



3 S 






be 

eS 

u 

CO 

00 



w 



Without appendages 

S TMany bristles 
i ^ ? Many legs 
g'g^ 10 legs ... 
^ §, 6 legs, 4 wings 

§• 1^2 arms, 2 legs 



(Tapeworm. 

(Leech. 

£arthworau 

Centipede. 

Lobster. 

Insect. 

Vertebrate. 



Biological Discoveries and Problems. 75- 



CHAPTER X. 

^Etiology. 

iETiOLOGY (diria =:r cause) is the consideration of the causes 
of the multiform phaenomena visible to-day. Until recently 
Etiology consisted of the word god. It was hold sufficient 
explanation to say that certain things happened because 
god willed it. But attempts have of late been made ta 
explain the phcenomena of Nature in a less lazy and more 
real way than this. Charles Darwin most of men has 
helped us here. Indeed any account of Etiology can be but 
excerpts from his teachings. Here therefore the subject 
will be only briefly discussed. It is treated at much greater 
length in the present writer's " Student's Darwin." 

In this connexion it will suffice to deal very briefly with 
the great doctrine of evolution as explainer of things, after 
the fashion of Herbert Spencer. We shall not pause to give 
all the m3rriad facts in favor of the view, but rather follow 
him in his excellent summing up of the two rival hypotheses 
of evolution and special creation. 

At the outset let us be clear as to the meaning of these 
two phrases. Special creation supposes a power outside 
Nature which plans and carries out every event therein. 
Not alone is every species of plant and of animal called 
into being by the distinct effort of will of this power, but 
^U events of geological or of sociological history are 
arranged and carried out by the same power. There is no 
necessary connexion between one stage and its successor or 
its predecessor. All is of god. Evolution, on the other 
hand, means development. The many species of plants and 
of animals existent to-day instead of being individually 
created by god have grown gradually out of a few prim- 
ordial forpis or out of one primordial form. So also to 
the evolutionist not only living beings are evolved. All 
events grow steadily, inevitably one out of the other. The 
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phaenomena of geology or of our complex social life of this 
nineteenth century are not to him the result of will^efforts 
on the part of a deity, but the consequences of past phaeno- 
mena. The variations of minerals, of plants, of animals, 
of the highest animal, man, have under certain general 
principles, such as natural selection and sexual selection, 
resulted in what we have before our eyes to-day. 

Following Herbert Spencer we compare these two views. 
First we look at the view of special creation in certain 
aspects. Then evolution will be regarded in similar manner. 
In the former, case we shall find only the unthinkable and 
the incomprehensible. In the latter we shall find the think- 
able, the comprehensible. In the one case darkness and 
mental death. In the other light and life. 

A. Special creation. (1.) This belief is old. And that 
is an argument against it. If we have to compare two 
opposed hypotheses the younger is the more likely, other things 
being equal, to be the more true. For the older hypothesis is 
-of the world's childhood or even of its infancy. The younger 
is of the world's riper years. After the fashion of Mr. 
Hardcastle we love old things — " old wines, old books, old 
friends." But we dare not forget that old habits of thought 
are really those of the young world. They are the utter- 
ances of man jn his cradle. ^^ When I was a child, I spake 
as a child, I understood as a child, I thought as a 
child : but when I became a man, I put away childish 
things." Nobody would oppose the fancies of his early 
years to the thoughts of his maturer ones. The crude 
ideas of the child are rejected for the more reasonable and 
serviceable ones of the man. So also, save in this one 
question, nobody opposes the crude ideas of the child- world 
to the more accurate ones of the maturer world of this hour. 
We have abandoned our forefathers' methods of dress, of 
travelling, of feeding, of fighting. Yet in a matter not less 
important, the matter of thought, we cling still to the old- 
world notions. No phrase is more misleading than *' the 
wisdom of our ancestors." It is as if we spoke of the 
wisdom of our babyhood. In no other particular are we 
willing to follow that wisdom, save in the momentous 
•question between special creation and evolution, or more 
honestly between religion and science. The first objection 
to the hypothesis of special creation is its antiquity. 
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(2) Its bad companions. We judge of the nature of a 
man by bis companions. We may judge of the nature of a 
hypothesis in like way. Now the companions of this belief 
in special creation are disreputable in many cases, discoun- 
tenanced in all. The Fetish-worshipper is a special crea- 
tionist. Ask the Polynesian savage how things came. He 
answers, " The fetish or fetishes created them." Poly- 
theism, or the belief in many gods, went hand in hand with 
the same creed. Scarcely a Greek or Roman had a concep- 
tion of evolution. We may, perhaps, except Aristotle. The 
conception of God as man -like, or the anthropomorphic deity 
{av6p<airo9 — man, /Jiop^rj = form), had, as its companion, 
special creation. The coarse creed that held deity as man- 
like and garden-haunting, rejected to-day by all Christians 
outside the Salvation Army, was inseparably united with 
this old idea. Fetishism, polytheism, anthropomorphic god 
are all abandoned to-day. And yet the belief that was part 
and parcel of them is held by those who shrink in disgust 
from these old conceptions of the purblind time. 

Very curious is it to note that special creation is incor- 
porated with all the Oriental cosmogonies, so that men 
believing in it reject all of these old cosmogonies save this 
one part. They smile at ninety-nine hundredths of the-e 
fanciful pictures of the past, and i^tain the one hundredth. 

(3) Absence of facts. Not one single fact is known in 
support of the theory. Not one. It rests solely upon the 
earlier chapters of the Bible, and upon nothing else. 
Is it not appalling that men still subscribe to n doc- 
trine that is entirely unsupported by fact? No case of 
special creation has ever been observed. No single carefully 
recorded scientific observation supports it. 

(4) Unthinkable. Whilst to a certain class of minds the 
last statement wiU carry more of conviction than any other, 
the present will appeal to another order of thinkers. Many 
will at once reject a belief that has not one fact on its side. 
Others of a particular bent of mind will be more moved by 
the statement that intrinsically the theory fails. It is not 
only that no outside facts support it. It cannot support 
itself. Grant that no facts bolster it up. It cannot support 
itself. It has not inherent strength to stand. Left to its 
own resources, it collapses. And that this is the case may 
be shown in two ways, (a) Special creation, as its very 
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name implies, involves creation of matter or of motion. If 
any new being comes at the will of god into the world, 
there is a creation of matter. If any new force springs at the 
will of god into being, there is a creation of motion. Neither 
of these is thinkable. It is quite impossible to realise in 
thought creation of matter or of motion. To do so we 
have to link together in thought something and nothing. 
This is beyond our power. We have to conceive of a 
moment when, for example, man was not, and a suc- 
ceeding moment when man was. We have to link in 
thought two terms, of which one is inconceivable. And 
further, as has been shown in preceding pages, all evidence 
goes to prove that matter, though convertible from one into 
other forms, is indestructible, and in like manner that motion, 
though convertible from one into other forms, is indestruc- 
tible. And as they are indestructible, we are driven 
to the belief that they are also increatable. Both are 
eternal. 

{h) Special creation does not go far enough. Its advo- 
cates tell us that god in his wisdom and power has created 
every species separately, and that the grand end and aim of his 
wonderful works is to instruct man and lead him to god. 
If this be the case, it is great matter for regret that god per- 
formed so many of the most wonderful works before any 
man was living to be instructed and to be led. It is also to be 
regretted that god has taken so much trouble to prevent 
man from knowing, struggle he never so bravely, much that 
took place in the past. Matters would appear so to have 
been arranged that much of the history of the dead and gone 
times can never be truly known. And again, if god created 
species distinct one from another to move the wonderment 
of man, it is matter for regret that he did not go a stage 
further, and create individuals distinct one from another. 
If we saw every hour of every day new individuals springing 
into being without any relation to precedent forms of matter, 
we could not cleave to evolution, we could but accept special 
creation. Never beholding such special creation of indi- 
viduals, but seeing these constantly evolved from other 
individuals, we are led to believe that this latter method has 
always obtained, and that special creation has never taken 
place. 

(5) Involves the idea of a wicked supreme power. The 
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notion of Special Creation is synonymous with what is often 
erroneously called the Design argument. It should be named 
the Design assertion. If special creation be true, the same 

.. power that has been the designing cause of all that is good 
must also be responsible for all the evil. He that is planner 
and cause of the pleasure in the world is planner and cause 
also of the pain. It is an old story, this. The difficulty has 

^ been pointed out times and again, and nobody has ever yet 
given an explanation in the least degree satisfactory. It is 
impossible to reconcile the notion of an all-wise, all-powerful 
one with the presence of evil and agony in the universe. 
And yet this impossibility has to be accomplished by the 
believer in Special Creation. 

It remains under iEtiology to discuss the doctrine of Evo- 
lution in the same way as we have discussed that of Special 
Creation. We shall look at it from the same five points of 
view whence we surveyed the older theory, and where we 
found the latter fail in every particular we shall find that 
Evolution serves us in every particular. 

A. Its Youth. Evolution is a young theory. It is only 
•of comparatively recent date. Hardly the dream of it had 
entered into the mind of man one hundred years ago. The 
actual statement of the theory in full with evidence in its 
favor, and reasoning as to the -methods whereby Evolution 
had taken place, all have been within the last twenty- two 
years. It was in 1859 that " The Origin of Species " 
appeared. One may say that this book has just attained its 
majority, and rejoice at the promise of strength and beauty 
in the manhood that lies before it. As it was urged as an 
objection to Special Creation that the belief is an old one, 
because that age showed that it was a belief of the world's 
babyhood, so is it an argument in favor of Evolution that 
the belief is a new one. Its youth shows that it is the out- 
come of the world's maturer thought. With the world as 
with the man, the explanation "god wills it," or "god 
does it," is sufficient at first ; but as world and man grow 
older that explanation ceases to suffice. No stockbroker 
allows god to enter into his calculations as to the rise and 
fall in stock. No statesman in reality takes god into con- 
sideration "in playing his high chess-game, whereof the 
pawns are men." So the scientific folk of to-day never 
allow the god idea to enter into and mar their calculations. 
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Nevertheless, it is necessary to protest against the manner 
in which a few scientific folk and all the unscientific ones 
continually drag in the name of no meaning in connexion 
with scientific discussion. 

B. Its good companions. We saw that Special Creation 
was doomed by the evil nature of its companions. On the 
other hand we shall find that the character of the theory of 
Evolution is most excellent, if we found our opinion upon 
the nature of its comrades. With it all the new develop- 
ments of thought go hand in hand. It is deeply interesting 
to notice that in every special science and every special art 
there is acceptation of Evolution. It is perhaps less 
interesting, but certainly curious, to notice on the other 
hand that those who accept Evolution within the range of 
their own particular study are frequently very unwilling tf> 
accept it outside that study. To take one illustration. The 
study of Philology or the development of language to-day 
is based upon the idea of the evolution of language. No 
philologist believes in a tower of Babel. No philolo- 
gist believes that any language sprang into being after 
the fashion of Minerva full-formed, full-armed from tlie 
head of Jove. Every philologist tells you that every 
language is the result of slow development from the early 
interjectional and ejaculatory forms of expression of savage 
races. And yet many a man eminent in this science — even 
as eminent as Max Muller — is an earnest, religious man, and 
scoffs at the idea of biological evolution. Not only is the 
study of language a companion of Evolution. Geology has 
of late years undergone very considerable changes in its 
method. The old geologists had an infinite belief in cata- 
clysms, but the geologists of to-day will tell you that far 
more has been done by slow — very slow — changes, working 
through enormous lengths of time, than by any sudden out- 
burst. If the reader will refer to a former page of this 
work he will see a case in point, and he that reads the 
works of Sir Charles Lyell on Geology and contrasts them 
with the works of the earlier part of this century, will 
observe how notable a change has come over geological 
science, and how the geological thought of to-day walks 
side by side with the theory of Evolution. To take one 
other case. In politics men are growing to recognise the 
"Working of the great principle. The whole study of political 
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history is a study of its manifestation. The slow rise into 
power of first one nation and then another : the slow rise into 
power of first one group in the nation, as clergy or barons, 
then, as is occurring to-day, of the people as a whole, ^* point 
the moral and adorn the tale." No thinking man believes 
that a political party springs suddenly into existence. A 
few years back such a thing as a Radical party was unknown 
in England. There were, as there had for some time been, 
as there are even now, two great parties, called Conserva- 
tive and Liberal. But the student of the history of the last 
hundred years is able to trace the gradual evolution of a 
third political order. The party of the people had in reality 
hardly any existence before the Revolution of 1689. Since 
then it has been slowly developing, and to-day has to be 
taken into very earnest account in all political questions. 
There are even some who think that on the principle of the 
survival of the fittest it will in time become the strongest 
and most dominant of all political orders. 

C. Facts. We saw that there was no single fact — abso- 
lutely none, to support the doctrine of Special Creation. It 
is now our duty to record that the name of the facts sup- 
porting Evolution is legion. It is not too much to say that 
every observed fact in the past history of science is in favor 
of the view. Very grateful also is it to evolutionists to 
notice how the new facts that the energy of man is hourly- 
observing and recording fit in, every one of them, with the 
teaching of Evolution. Time and space would fail to deal 
with one tithe of the supporting truths, but it may be well ta 
point out one or two general sets of facts, familiar even ta 
the non-scientific reader, that are altogether in harmony 
with the doctrine of Evolution, and altogether discordant 
with that of Special Creation. 

For example: (1) Rudimentary Organs. These are 
organs reduced so much in size and in function, as to be of 
no value in the working of the animal or plant body, but 
yet representing organs fully developed and fully working 
in other plants or animals. Familiar examples are the 
rudimentary hairs on the back of the human hand, the 
rudimentary caecum in the human alimentary canal, and the 
wisdom teeth of human beings. Now, these mdimentaiy 
organs are entirely unintelligible on the older theory. They 
are quite intelligible on the newer, because they are rem- 

a 
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jQants of structures that in an ancestral form were of use to 
the individual possessing them. The whole of this subject 
is discussed more fully in the Author's " Student's Darwin," 
to which previous reference has been made. (2) Classifica- 
tioD. The wonderful gliding into each other of the groups 
of living beings — a puzzle to the systematist, a delight to 
the evolutionist — ^is again incomprehensible on any theory 
save that of descent with modification. (3) Embryology. 
The higher animals in their developmental stages, before 
they reach the adult condition, pass through conditions of 
structure representative of the permanent condition of lower 
animals. That this should be the case is once more unintel- 
ligible and meaningless, unless we admit that those higher 
animals have been evolved from lower forms. 

D. The reasonableness of Evolution. Putting facts on 
one side we 8aw that, as a theory, Special Creation involved 
the unthinkable. Not taking into consideration external 
support, it was demons.trated that the hypothesis had not 
sufficient internal strength to support itself. These objections 
cannot be urged against Evolution. This theory does not 
involve the unthinkable. Whereas the antagonistic view 
compels us to attempt to conceive of the creation of matter 
and the creation of motion ; Evolution, having only to do 
with matter and motion, finds them ready to its hand. To 
the Evolutionist both matter and motion are eternal. There 
has been no creation of the one or of the other. And here 
he is supported r.gain by all evidence. Nobody has ever 
4seen matter created ; nobody has ever seen matter destroyed. 
And the same statements may be made with respect to 
motion. If it be ur;;ed that it is as impossible to conceive 
•of the eternity of matter as it is to conceive of an eternal 
god, the answer is that we have seen, touched, tasted, 
handled matter. It is here by our side, indeed we are but 
forms of it. On the other hand there has never been any 
«ense-evidence whatever of deity. So that the evolutionist 
believes in the eternal nature of some thing that actually is, 
with which his every moment's experience brings him 
into contact, and that he has never yet seen either 
<;reated or destroyed, whilst the special creationist believes 
in the eternal nature of something of which he has no sense- 
evidence whatever, of something into contact with which 
he has never come. 
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Again it is urged by our opponents that Evolution is not 
reasonable because it is impossible to conceive of the greatly- 
complex human being, for example, having been evolved in 
the course of ages out of simple protoplasm. In reply to 
this, on the one hand even such a conception as this, un- 
supported by evidence, is less difficult than the conceptioa 
of the creation of such a human being out of nothing. But 
a still stronger answer is that this evolution of a complex 
human being out of a piece of protoplasm is seen — actually 
seen to occur, not during the course of countless ages, but 
in some twenty-one years. Every man against whom you' 
brush in the streets has been absolutely developed from such 
a piece of protoplasm. The first condition of the human 
being is nothing more nor less than a protoplasmic plastid. 
In some twenty years that, passing through stage after stage, 
of development, becomes an adult man. If then in so short 
a time, under favorable conditions, such a development can 
take place, who will dare to question the possibility of like 
developments having occurred during the inconceivably 
numerous ages that nature has been at work in the past ? 

E. The pain question. When we consider the amount of 
agony that is in the world, as Evolutionists, whilst we 
sorrow as we behold, we have not the duty laid upon us of 
explaining its presence. Our sole duty is to use all effort 
to diminish the amount of pain. He that believes in the 
omnipotent and the all-good is impaled on one of the twO' 
horns of a frightful dilemma. As has been so often pointed 
out, either his god has not been able to prevent evil, and 
then he is not omnipotent, or he has been able to prevent,, 
but has been unwilling, and then he is not good. Into this 
dilemma that we may fairly call terrible, and that is not the* 
less terrible from the blindness to its very nature on the- 
part of those that are struggling in it, the Evolutionist i» 
not plunged. Having no conception of an outside benefi- 
cent power that superintends every detail of the history of 
the universe, he has not before him the impossible task of 
reconciling the existence of such power with the world's 
moaning and tears. He accepts the presence of the pain^ 
and gives all energy of body and mind to the lessening 
thereof. 
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CHAPTER XI. 

Abghebiosis. 

This series of discussions upon the recent discoveries and 
the present problems of Biological Science will close with 
« brief investigation of a subject literally of vital interest. 
That is, the question as to the origin of life. The difficulty 
oi the subject has always surrounded it with an air of more 
than usual mystery. The Special Creationists are hereabouts 
very dogmatic and gleefuL They say, rightly enough, that 
Evolution, if it be the great principle, ought to explain not 
only the origin of living beings one from another, but the 
origin of living matter from non-living. This they consider 
impossible. It is assuredly difficult, but it is growing more 
possible every hour ; and it is weU to remind them, in their 
dogmatism and their glee, that their own statements are, by 
no manner of means, explanations. There is not the faintest 
satisfaction in saying that living matter could not have 
evolved from non-Uving, but that god created the Uving 
being. There is no explanation in these phrases. So the 
Evolutionist, believing in his creed, bends himself to the hard 
task of applying it to this most intricate question. 

The origin of life is caUed Archebiosis (from of>x^= begin- 
ing, ^ios=life). In common phraseology it is Spontaneous 
generation, a name altogether bad. ^' Spontaneous " has no 
meaning in science to-day. Granted matter and motion as 
eternal, imd therefore uncaused, there is no evidence of, and 
therefore there can be no belief in, the occurrence of un- 
caused, isolated phaenomena. If ever the phrase unfortu- 
nately creeps into uiy scientific writing, it can only imply 
that the reason of the phsenomenon l^^us named is not at 
present understood. When Charles Darwin speaks of 
^' spontaneous variation,'' he is careful to explain that by 
the phrase he means variation whose causes are at present 
unknown to him. Let us, therefore, discard the unfortunate 



BiologietU Discoveries and Problems, 



85 



i» 



.1 



"phrase Spontaneous generation, and always speak of the 
'Origin of living matter as Archebiosis. 

In discussing the question I shall consider: A, The 
matter concerned ; B, The principle of the conservation 
of energy; C, Certain facts bearing on the subject; D, 
Experiments. 

A. The matter concerned. As has been pointed out in 
< earlier pages, the conception of the origin of living matter 
•was exceedingly difficult as long as the belief was held that 
its simplest forms were really of a very complex nature. 
As long as the cell was regarded as the simplest form of 
^living matte r, so long there was great difficulty in conceiv- 
ing the possibility of its originating from non-living. But 
we have seen that far from the cell being the most simple, 
it is indeed a very complex form. Nobody to-day denies 
the possession of life to the cytod, or non-nucleated cell, or 
to the plastid or mass of protoplasm unsurrounded by any 
wall. He that has observed under the microscope the 
exceedingly minute pieces of structureless protoplasm that 
are at present our simplest forms of living matter, will 
recognise that the step from them to non-living is but a 
brief one. 

B. Conservation of energy. A full belief in the principle 
of the conservation of energy impels to a belief in ih% 

* evolution of life. That principle teaches that neither 
matter nor motion can be created or destroyed. And there- 
fore we are driven to believe that the first form of living 
matter can only have been some modification of pre-existent 
forms of matter. We are driven to believe that the par- 
ticular kind of movements which it exhibits, and which we 
•name '* vital," are only modifications of pre-existent forms 

• of motion, so that the living thing is nothing but non-living 
matter so modified that a new name must be applied, and 
it is called ^^ Organic." But we no more conceive that 
there is a special creation of living matter than we conceive 
'Water is a special creation when the two matters called 

Hydrogen and Oxygen are combined. We no more con- 
*ceive of a special creation of movements called vital than 
we conceive the properties of water as especially created, 
•or as any other than the results of the properties 
«of its constituents mutually interacting. It is true 
Bthat very many of these same *^ vital" properties appear 
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top;ether uncalculable from the properties of the matter of. 
the living body. But I would urge that equally uncalcul- 
able at first are the results of the interaction upon oacb 
other of the properties of non-living substances. Taking a# 
familiar illustration, who could ever have predicted before 
^ experiment that two forces acting upon a body should: 
^ make that body move along the diagonal of a parallel- 
ogram whose two adjacent sides represent in magnitude 
and direction the two forces? All the world knows 
to-day the principle of the parallelogram of forces, and 
ia almost inclined to call it a self evident proposition.. 
It is by no manner of means self evident. No one- 
could have foretold what would be the result of the 
combination of these two motions until that result was seen. 
Or again, given a piece of copper and a few drops of nitric* 
acid, who could possibly tell from the properties of the metal' 
or of the acid what would be the result of putting them to- 
gether. Now-a-days we know that the copper dissolves, a 
green liquid is formed, and a gas rapidly becoming brown is 
given off. This could not have been anticipated. Nor are 
the copper nitrate and the oxide of nitrogen that are formed 
(with properties quite different from those of the copper or- 
the acid) labelled with any mystic name such as ^^ vital.'^ 
And so with the results of putting together of certain pieces, 
of matter in what are called living bodies. Strange, very 
momentous results follow assuredly, but they follow as the 
results of the properties of the matters which are brought into^ 
contact with their fellows. In this case as in the other two^ 
there is no evidence whatever of a special intervention from 
without. 

C. Facts. From a very large number of facts telling in^ 
favor of the possibility of the evolution of living from non- 
*l living things I select three sets. 

(1) Crystals. The whole of the phsenomena of crystal-^ 
. lisation seem to be analogous to the formation of living 
organisms out of non-living matter. Dissolved in water are 
certain salts. There is no trace whatever of definite geome- 
trical solid forms. And yet as the water evaporates, slowly^ 
•re produced bodies of definite geometrical shape which war- 
call crystals. So much matter in one form is transferred 
into so much matter in another form. No loss and no^ 
creation. Very markedly different results obtain. No one.* 
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"Will speak of a crystalline force being specially created to 
'determine this formation. 

(2) The healing of wounds. A man is from some cause 
/suffering from a large open wound. From the blood vessctls 

around is poured out what the doctors call <' organisable 
lymph/' a fluid that examined never so carefully under the 
microscope presents no trace of the structures that are to be 
restored. And yet very rapidly this organisable lymph be- 
' comes transformed into tissue — ^muscle, n^rve, skin — and the 
'parts are restored. 

(3) The Food Cycle. The mineral kingdom is the food 
supplier to the vegetable kingdom. The majority of plants 
feed upon inorganic matters, such as carbonic acid, water and 
ammonia. No special creation is dreamed of as necessary 
•for the conversion of these inorganic substances into the 
materials of the living plant. Nay ! we may go farther. 
The animal kingdom, even its very highest member, man, in 
building up the living structures builds them up out of dead 
matter. True the food, say of a man, is in the main 
organic in its nature. It is either vegetable or animal, 
but it is dead vegetable or dead animal matter. When 
a man takes food into his body, that food is not living, and 
yet by the processes of digestion, absorption and nutrition, 
gradually the dead food is transformed into living muscle or 
living brain. Here, again, nobody dreams of any special 
•creation stepping in to convert the dead matter into living. 
In all these cases, and especially in the last, Archebiosis is 
actually seen to occur — that is, living matter is seen to be 
formed out of non-living. Just as we have been led to 
^believe that as individual animals and plants to-day are seen 
to be evolved, and not created, therefore, probably in the 
past all plants and animals have been evolved and not created, 
so when we see to-day living matter being formed out of 
non-living, and do never see living matter specially created, 
we are entitled to believe that all forms of living matter 
*have been in the past formed from non-living, and that none 
has been specially created. 

D. Experiments. I am aware that the enthusiastic advo- 
•cates of Special creation hurl at the heads of the believers 
in Archebiosis, the experiments of Pasteur and Huxley and 
Tyndall. Let me say at once that these experiments, to my 
unind, prove absolutely nothing. Let us look clearly at the 
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two best sets of experiments. Yarioito observers hermeticalljr 
seal inorganic matter away from contact with the air- 
One observer finds afterwards nothing but inorganic matter. 
Another finds living beings in the infusion. Or, again, air' 
^ that has been passed through red-hot tubes, or through 
'/ sulphuric acid is admitted into solutions containing non- 
living matter. After various raisings of the temperature ta 
which the air must be subjected, necessitated by the persistence 
^th which organic forms would appear — after various 
devices whereby the air was subjected to the most rigorous 
treatment, at length certain experiments have arrived at 
conditions that appear to prevent the formation of organic- 
jnatter. Air that has been tremendously heated, and treated 
with acid and so forth, if admitted into solutions of inorganic - 
matter, does not, say they, allow of the production of living 
things in those solutions. This result is explained by saying 
'that the heating and the acid have destroyed the ^ invisible 
germs of living matter." It is the strangest of theories 
this of invisible germs ! It is surely a case of special 
creation again. There is of these invisible genua absolutely 
no evidence whatever. What is the explanation of the absence 
of organic matter in solutions visited by the maltreated air- 
given by him that believes inArchebiosis? He tells you that- 
the air thus roughly dealt with — ^by high temperature and acid 
vapors — has had its properties changed. You cannot treat 
any gas in this harsh fashion without considerably altering 
its normal properties. It is at least as fair to assume that, 
normal air passing into a normal solution of inorganic salts 
would, by a reaction of its properties upon those of the salts,, 
produce a form of matter with new properties that you would 
denote living, as to assume that that air carries invisible 
germs of living matter. On the one view, I repeat, the harsh 
treatment of the air destroys invisible germs that nobody has 
ever seen, and of which there is no proof; on the other 
view, that harsh treatment modifies the properties of the air 
to so great an extent that its normal reaction upon other 
inorganic matters cannot take place. And finally, whilst 
inductively the evidence is at least as strong in favor of the 
one view as the other, deductively but one conclusion appears 
to be open. We accept Evolution as to the origin of man, as 
to the origin of the so-called lower animals, as to the origin^ 
of plants. Who is to be the Cnut to say to this great sea» 
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" Thus far shalt thou go, and no farther ! " If the great 
principle be true as to the origin of living things from living 
things, the hypothesis that it will be true as to the origin 
of living things as a whole becomes highly probable. Wo 
trace it back from highest to lowest, and where the lowest 
living thing in its structure and in its properties is gliding 
into the non-living, surely we are entitled to believe that the 
same principle obtains, and that living matter has been 
evolved from non-living. Then bursts in upon the view 
Evolution in all its glory. Then comes the inspiring belief 
that not only is man connected by indissoluble blood ties 
with other animals, and through them with the great world 
of trees and flowers, but that he is linked on through a long 
ancestral pedigree to the very rocks, and seas, and stars. 
Then through his being stirs the pulse that moves through- 
out the whole universe. Then, indeed, his brotherhood with 
all things becomes most wide-reaching and everlasting. 



THE END. 
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Pamphlets by C. B. Drvsdale, M.D. — " The Population Ques- 
tion,'* Is. ** Tobacco, and the Diseases it Produces,'* 2d. " Alcohol," 
6d. 

Paine's Theological Works; including the *<Ageof Reason," 
and all his Miscellaneous Pieces and Poetical Works ; his last WiU 
and Testament, and a Steel Portrait. Cloth. 3s. 

The Age of Reason. By Thomas Paine. Complete, with Pre- 
face by C. Bradlaugh. A new edition, the best ever issued, 
printed in large type on good paper. Is. ; cloth gilt, Is. 6d. 

Paine's Rights of Man. A Reply to Burke on the French Reve- 
Intion. Is. 

The Immortality of the Sonl Philosophically Considered. 

Seven Lectures by Robert Cooper. Is. 

Voltaire's Philosophical Dictionary. The edition in six, 
re-printed in two thick volumes. Two portraits and a memoir. 8s. 

Analysis of the Influence of Natural Religion en the 

temporal Happiness of Mankind. By Philip Beauchamp (G. 
Grote, the historian of Greece). Pp. 123. Is. 

Shelley's Song to the Men of Enjfland. Set to Music for 
four voices. By Herr Troussellb. 2d. 

A Manual of Political Cluestions of the Bay, with the 
arguments on either side. By Stdnbt Buxton. 130 pp. 6d. 



Pamphlets bv G. W. Foote.—'^ Secularism the True Philo- 
Bophy of Life," 4d. "Futility of Prayer," 2d. "Atheism and 
Morality," 2d. *' Death's Test, or Christian Lies about Dying 
Infidels," 2d. " The Gkxi Christians Swear By," 2d. " Was Jesus 
Insane?" Id. ^* Atheism and Suicide," Id. Bible Romances, Id. 
each: "Noah's Flood," " Creation Story," "Eve and the Apple," 
•* The Bible Deril," " Jonah and the Whale," « The Ten Plagues," 
« The Wandering Jews," ** The Tower of Babel," "Balaam's Ass," 
" God's Thieves in Canaan," " Cain and Abel," " Lot's Wife." Or 
the 12, in colored wrapper. Is. 

The Life of Jesus. By Ebnest Ren an. Authorised English 
Translation. Crown 8vo, pp. xii. — 312, cloth, 2s. 6d. ; stitched in 
wrapper, Is. 6d. 

The Crisis in Farming ; its Radical Causes and their only 
Remedies. Twenty-two evils arising from Landlord, thirteen from 
Tenant. By the Author of " Hints to Landlords and Tenants." 6d. 

The First Seven Alleged Persecutions, A.D. 64 to A.D. 235. 
By Tho8. L'Estranoe. 6d. 

The Eucharist. By the same Author. 6d. 

These two pamphlets are highly recommended as able contri- 
butions to Freethought enquiry. 

Volney's Buins of Empires, with Plates of the Ancient Zodiac, 
etc., carefully reprinted from the best edition, cloth, lettered, 2s. 

The Three Trials of William Hone, for Publishing Three 
Parodies ; viz.. The late John Wilkes's Catechism, The Political 
Litany, and The Sinecurists' Creed; on three ex-officio infor- 
mations, at Guildhall, London, during three successive days — 
December 18th, 19th, and 20th, 1817 — before three special juries, 
and Mr. Justice Abbot, on the first day, and Lord Chief Justice 
EUenborough, on the last two days. 2s. 

Land Law Reform, and its relation to Work, Wages, 
and Population. 2d. 

The True Principle of Population, Trade Profits, &c., 
and the Land Laws. By T. R. 2d. 

The True Source of Christianity ; or, a Voice from the 
Granges. By an Indian Officer. Originally published at 5s. 
This work is now republished verbatim, in paper c .vers. Is. ; 
cloth gilt. Is. 6d. 

The Boll Call : a Political Record of the years 1776 to 

1880. Commencing with the great wars ef the last century, and 
brought down to the close of 1880, with full Index. lu paper 
covers, 78 pp., 6d. 

Under which LordP By the author of *' Joshua Davidson.** 
Originally published in 3 vols, at £i lis. 6d., now issued compluto 
in 1 vol., cloth gilt, 2s. 6d. 

The B>ev. Joseph Cook : A Critical Examination. By Profossor 
FiSKE. Id. 
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The Jewish Sabbath and the Christian Lords. By Pro- 
fessor Blackie. 2d. 

Beligion in the Heavens ; or, Mythology Unveiled. In 

a Series of Lectures. By Logan Mitc^ll. Uniform witk 
International Series. Cloth, gilt, 56. 

The Land Agitation in Ireland. Letter of the Most Reverend 
Dr. NuLTY to the Clergy and Laity of the Diocese of Meath. Id. 

Gospel Contradictions. Arranged in the form of a Catechism. 
By T. L. Stbanoe, late Judge in the High Court of Madras. Id. 

Hume's Essay on Miracles. A new edition, with an introdac- 
tion commenting upon the views of Campbell, Paley, Mill, Greg, 
Mozlev, Tyndall, Huxley, etc. .By Joseph Mazzini Wheblbk. 
3d. 

Thursday Lectures at the Hall of Science. Containing Mr. 
Bradlaugh's lectures on " Anthropology,*' Mrs. Besant's on " Th« 
Physiology of Home," Miss Bradlaugh's on "The Chemistry of 
Home," and Dr. Aveling's on '* The Plays of Sbakspere." Com- 
plete in one vol. Cloth, 2s. 
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Special List of Remainders, in cloth, new and uncut — All 

the hooks in List B are at the lowest price, and no reduction can 

he made to the trade, the object being to supply readers of the 

National lUfoi-mer with literature at specially low rates. 

Orders must be accompanied by cost of Postage, which is inserted 

after the letter P. Where no postage is mentioned, the books go by 

Sutton at cost of purchaser, and 2d. in addition to price must be 

sent for booking. 

The Biography of Charles Bradlaiurh.~Written by Adolfhb 

S. Headinolet. Crown 8vo., cloth, 332 pages (published at 78.), 
reduced to 28. 6d. P. ^^, 

Eminent Badicals in and out of Parliament. By J. Mobbi- 
SON Davidson, Barrister-at-law. Being sketches of W. E. Glad- 
stone, John Bright, P. A. Taylor, Sir C. Dilke, J. Cowen, Sir W. 
Lawson, H. Fawcett, J. Chamberlain, T. Burt, H. Richards, L. H. 
Courtney, A. J. Mundella, John Morley, Robert William Dale, 
Joseph Arch, Edward Spencer Beesly, Charles Haddon Spurgeon, 
Chai*les Bradlaugh, Frederic Augustus Maxse, James Beal, Mon- 
bure Daniel Conway, James Allanson Picton, The Hon. Auberon 
Herbei*t, Edward Augustus Freeman. Demy 8vo., 262 pp. Pub- 
lished at 10s. 6d. 28. 6d. P. 7d. 

The Outcast. — By Winwood Reade. Handsomely bound, 
pp. 262., Is. 6d. P. SJd. 

The Apocryphal New Testament, bein^ all the Gospels, 
Epistles, &c., attributed to Christ, his Apostles, and their com- 
panions in the first four centuries of the Christian Era. By 
W. Hone. 2s. 6d. P. 6d. 



Ancient Mysteries desoribed, by Wuliam Hone. With En- 
gravings on Copper and Wood. 2s. 6d. P. 6d. 

Korley (Henry, author of '* English Literature," &c.,&o.)» 
Clement marot, and other studies. 2 vols, in 1, thick 
crown 8vo, (pub. at 2 Is.}, 4s. P. 8d. 

Correspondence of Oharles Lamb, with aa EsBay on his Lif« 
and Genius. By Thomas Puscbll. pp. 537, gilt lettered, 2s. 6d. 
P. 8d. 

Voltaire : his Life and Times. By F. Ebpinasab. 1694 to 
172G. 020 pp. (published at Us.), 2s. 6d. P. 8d. 

Rousseau.— By John Moblet. 2 vols., 78. 6d. Published at 24s. 

The Upas : a Vision of the Past, Present, and Future.— By 

Capt. R. H. Dyas. This book traces the rise, reign, and decay 
of Superstition. Published at 10s., reduced to 2s. 6d. P. 7d. 

History of English Literature. — By H. A. Taine, D.G.L., Trans- 
lated by H. VAN Laun. 2 vols. Vol. I., pp. 631; Vol. EL, 
pp. 550, 12s. ; published at 24s. 

Ireland under British Rule. — By Lieu t.- Colonel H. J. W. Jbbyis, 
R.A., M.P. Neatly bound. Pp. 321. 28. P. 7Jd. 

Views of the Deity, Traditional and Scientific.— A Oon- 

tribution to the Study of Theological Science (written against the 
Materialist Position). By Jambs Samublson. ' Pp. 171. Is. 6d. 
P. 3id. 

Thomas Wentworth, Earl of Strafford, and Lord Lieutenant 
of Ireland, The Life of. By Elizabeth Cooper. 2 vols., 8vo^ 
(published at 80s.), 5s. 

Hans Breitman's Christmas, with other Ballads, reduced to 64. 
Post free, 

Hans Breitman as a Politician, with other Ballads, reduced t« 

6d. Post free. 

•Story of the Oommune. — By a Gommunalist. 6d. Post free. 

Castelar's Life of Byron, and other Sketches. Translated 
by Mrs. Abthub Arnold. 8vo (published at 12s.), 3s. 6d. P. 7d. 

The other Sketches are— Victor Hugo, Alexander Dumas, Emile 
Uirardin, Daniel Ma&in, Adolphe Thiers. 

The Last Days of a Condemned.— By Victob Hugo. With 

Observations on Capital Punishment, by Sir P. Hesketh Fleetwood, 
Bart, M.P. Is. P. 3jd. 

David Fredrich Strauss, in his Life and WritinM.— By 
Edward Zbllbr. Published at 5s. Pp. 160. Is. P. 4d. 

Lesfting's Letters on Bibliolatry. Translated by H. H. 
Bbbnard, Ph.Dr. Pp.144. Is. 6d. P. 3d. Published at 58. 

Life and Pontificate of Leo. X.— By William Roscob. Neatly 
bound, pp. 425. Is. P. 2^. A standard Historical authority. 
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Episodes of the French Revolution, from 1789 to 1795, with 
an appendix raabodying the Principal Events in France from 1789" 
to the present time, examined from a x>oIitical and philosophical 
point of view. By V. F. Benyekuti. Demy 8vo, 310 pp., Is. 6d, 
P. 6d. 

William Godwin : his friends and contemporaries. 2 vols., 
demy 8vo, handsomely bound in cloth, with portraits of William 
Godwia and Mary Wollstonecraft, a.nd faC'Stmiles of writing. Tke 
work, published at 28s., is beautifully printed on superior toned 
paper. 58. 6d. 

The Peasant's Home. Showing the progress in the condition of 
agricultural laborers from 1760 to 1865. This work was the 
Howard Prize Essay for 1876, the subject being "The State of the 
Dwellings of the Poor in the Rural Districts of England, with 
special regard to the improvements that have taken place since 
the middle of the eighteenth centuty and their influence on the 
health and morals of their inmates." Crown 8vo, 136 pp., 6d.. 
P. 3id. 

A History of the Creation and the Patriarchs ; or, Penta-^ 
teuchism Analytically Treated (Genesis). 288 pp.,. 
crown 8vo. Is. P. SJd. 

The New Nation. By John Mobbis. In 5 vols., published at 
two guineas in 1880. This learned work is by a Deist, who bringa 
a vast mass of philological evidence to bear on the dissection of 
Biblical myths. Cloth, demy 8vo, containing an aggregate of 
2,362 pp. 6s. Very cheap. 

Rousseau, as described by himself and others. With- 
remarks and explanations, by Thos. Craddock. Contains an 
outline of Rousseau's life and an account of his friends and his 
works, and givQs the opinions of Diderot, Voltaire, Marmontel, 
Grimm, Barante, Morley, etc., upon the philosopher; with chrono- 
logical index of the principal events in Rousseau's life. 251 pp. 
Is. 6d. P. 6d. 

Crousin's Philosophy of Kant. With a Sketch of Kant's Lif» 
and Writings. By A. G. !EtENDEK80N. Pp. 194. Neatly bound, 
2s. 6d. P. 5d. Published at 6s. 

The True History of Joshua Davidson, Christian and Com- 
munist. — By Mrs. Lynn Lynton. Sixth Edition. Handsomely 
bound, thick paper, pp. 279. Price Is. 6d. P. 4d. 

Bossel's Posthumous Papers. Pp. 294. Is. P. 4d. 

Half Hours with the Freethinkers — Lives of Lord Bolmg- 
broke, Lord Shaftesbury, Shelley, Anthony Collins, Charles South- 
woU, Descartes, Heinrich Heine, Thomas Paine. 3d. P. ^d. 

Republican Superstitions. By Moncubb D. Conwat. Is. 6d. 
(Published at 7s. 6d.) P. 3d. 

The Surrival, with an Apology for Scepticism. 471 pp. Is. P. 7d 

Australian Yi&WB of England. By Hbnbt Parkbs. Pp. 112» 
Is. P.3Jd. 
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Isis and Osiris, or the Origin of Christianity. By Johk 
Stuast Glbnkiib, M.A. (New edition) Ss. 6d. JP. 8^. Pub- 
lished bj Messrs. Longmans at 158. 432 pages. 

Parallel liives of Ancient and Modem Heroes. By Ohablbs. 
DuKS TONOE. 270 pp. Published at 4s. 6d. Is. 6d. P. S^d. 

Travels in the Philippines. By F. Jaoob. With numeroua 
Illustrations and Maps. 870 pp. Handsomely bound. (Pub- 
lished at 16s.) Ss. P. 8d. 

The Papal Conclaves, as thiBv were and as they are. By 
T. Adolphus Tbollofb. 484 pp. Handsomely bound. (Pub> 
lished at 16s.) 8s. P. Sfi. 

National Christianity ; or, Caosarism and Clexiocklism. By 
the Rev. J. B. Heard. 2s. (Published by Messrs. Longmans 
at lOs. 6d.) P. 7d. 

Alfieri : his Life, Adyentures, and Works. By G. Mitchell Ghaslbs.. 
6d. P. IJd. 

Biohard Cobden and the Free Traders. Gilt, crown Sto, 
pp. 298, -with portrait, Is. ^d. P. 4d. 

Howell's Capital and Labour. — Including Ghapters on the his- 
tory of Guilds, Trades' Unions, Apprentices, Technical Education, 
Intimidation and Picketing, Restraints on Trade ; Strikes — their 
Objects, Aims, and Results ; I'rade Gouncils, Arbitration, Go- 
operation, Friendly Societies, the Labor Laws, &c. By Geobgb. 
llOWELL. 4s. P. 6d. 

The Trades Unions of England. By M. lb Gomtb de Pabis. 
Translated by Nassau J. Sbniob. Edited by Thomas Huohbs, 
MfP. 28. P. 3d. 

This book, together with Capital and Labour, by Gbobob. 
Howell, present yiews of Trade Unionism from entirely dififerent 
standpoints. (Published at 7s. 6d. each.) The two supplied, post- 
free, for 6s. 

Plutarch's Lives. Langhome's Translation, Text and Notes com- 
plete and revised (Grecian section). 2s. P. 6d. 

A Visit to the Seat of War in the North (the Grimean War). 
By Lascellbs Wbaxall. Pp. 106. 6d. P. 1^. 

Sketches of the Hungarian Emigration into Turkey. By 

A. HONYED. 6d. P. Ij^. 

Pictures from the East. By John Gappeb. Describing especially 
Geylon. Pp. 162. 6d. P. 2d. 

Hontenegro and the Slavonians of Turkey. By Godnt- 
Valebian Kbasinski. This very interesting book ought, at the 
present time, to be most eagerly read. Pp. 152. 8d. P. 2d. 

Florian and Crescenz : a Village Tale from the Black Forest. By 
Bebthold Auebbach. Translated by Meta Tatlob. 6d. P. 1^. 

Oriental Zigzag : Wanderings in Syria, Moab, Abyssinia, and 
Egypt. By Ghablbs Hakilton. Handsomely illustrated. 804 pp. 
2s. 6d. P. 6d. 
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Man with the Iron Mask. By Marius Tofin. Translated and 
edited by Henbt Vizbtbllt, with fac-simile. Crown 8vo (Pub- 
lished at* 9s.), 28. 6d. P. 6d. 

Bryant (William Cullen), Orations and Addresses. Portrait, 
thick crown 8vo, (Published at Ts. 6d.) 28. 6d. P. 6d. 

The Age and the Gospel: Essays on Ohrietianity, its Friends and 
Opponents. By the Rev. B. Fbankland, B.A. A controversial 
book on tho Christian side. 303 pp., 28. P. 5d. 

Iiife and Conversations of Dr. Samuel Johnson. By 

Alexander Main. Preface by Gbobob Henbt Lbwbs. 441 pp. 
Published at lOs. 6d. 2s. 6d. P. 6d. 

Wanderings in the Interior of New Qninea.-— By Captain 
J. A. IiAWSON. With Frontispiece and Map. Pp. 282. Hand- 
somely bound. Published at 10s. 6d. 28. 6d. P. 6d. 

liOnginus on the Sublime. A new translation, chiefly according 
to the improved edition of Weiske. By a Master of Arts of the 
University of Oxford. Pp. 92. Is. P. IJd. 

JSnglish Life of Jesus. By Thomas Scott. 28. 6d. P. 5d. 

The Book of Genesis Analytically Treated. With account 
of Scripture Legends and the various Commentaries. Crown 8vo, 
pp. 288, Is. P. 4d. 

-Cat^chisme du Libre Penseur. Par Edoab Monteil. (Pub- 
lished at 3s. 6d.) Reduced to 1 s. P. Sd. This has been specially 
attacked recently in the *^ Contemporary Review'* and various 
English Conservative journals. 

Unorthodox London ; or, Phases of Beligious Life in the 
Metropolis. By the Rev. D. Maubigb Davies. Two volumes 
bound in one. Contains : S^outh Place Chapel, Finsbury — MoN- 
cuBB D. Conway on Mazzini — Colonel Wbntwobth Higginson on 
Buddha — Unitarianism, a Sunday Lecture, by Professor Huxlbt 
— Tabernacle Ranters — The Walworth Jumpers — Bible Christians 
— Plymouth Brethrisn — A Quakers* Meeting — Dr. Cumming — 
Seven tli Day Baptists — Christadelphians — Moravians — Father 
Ignatius at Home, &c. 465 pp. 2s. 6d. P. 6^. (Published 
originally in Two Volumes at 288.) 

Orthodox London. By the same Author. Two volumes bound 
in one. Contains : The Rev. H. R. Hawbis — Father Stanton — 
Mr. ^OBBEST — Rev. T. Tbignmouth Shobb — Mr. Llewellyn 
Davies — Mr. Maguibe — Dean Stanlbt — Canon Liddon — Canon 
MiLLEB — Mr. Stoppobd Bbooke — Midnight Mass — Archbishop of 
York — Bishop of London — Bishop of Manchester — Bishop of 
Lincoln, &c., &c. 458 pages. 2s. 6d. P. 6}d. Published originally 
in Two Volumes at 28s. 

-Chapters on Kan, with the Outlines of a Science of 
Comparative Psychology. By C. Staniland Wake. Pp. 
348. 28. 6d. P. 4^. PubUshed at 78. 6d. 

•Origines BiblicBS ; or, Besearches in Primeval History. 
By C. T. Bbkb. 28. P. 6d. 
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The Public Lives of W. E. Gladstone and of Eart 
Beaoonsfield. — ^Large type, stiff coyers, 132 pp. (Published 
at Is.), dd. Post free, 5d. 

The Iilfe and Labours of Albany Fonblanque. Neatly bound, 
cloth, 546 pp., quite now and uncut. Published at 16s. 4s. P. 9^. 

Foundation of Christianity : a Critical Analysis of the Penta- 
teuch and the Theology of the Old Testament. By Geobge B. 
Jackson, A.B. "' A searching and uncompromising inquiry into 
the origin and credibility of, the religion of the patriarchs." Pub- 
lished at 2s., paper in perfect condition, 6d. P. 2d. 

The Agricultural Laborer. By T. E. Eebbell, Esq., of th» 
Inner Temple. Cloth, 239 pp.. Is. P. 4d. 

The History of Clerkenwell. By the late W. J. Pinks, with 
additions and Notes by the Editor, Edward J. Wood, complete in 
one ▼©!., fully gilt, 800 pp. (published at los.), Ts. 6d. 

GOarke's Critical Review. Pub. at Ss. 6d. 446 pp., 28. 6d. P. 3^d. 

Principles of Beform in the Suf&age. By Siiauwurtu D. 
Hodgson. Containing the functions of government, tho dctci-mi- 
nation of the governing classes, and the problem of Reform. Cloth, 
new and uncut. Is. P. 3d. 

Harmony of I<aws; or. Analysis of the Principles Common to 
the Laws of Civilised Nations. By G. Undt. 6d. P. Id. Pub- 
lished at 3s. 6d. 

Different Significations of the Word Beligion. By A. J. 
Ellis, B.A. Published at 3d. The Principles of Indi- 
vidual Liberty *. how far applicable to the relation of tho Rexes. 
By W. C. CouPLAND. Followed by report of Debate in the 
London Dialectical Society, in which Mrs. Bosant, Miss Vickery, 
Dr. C. R. Drysdale, Mr. Moncure D. Conway, and Mr. Bradlaugh 
took part. Published at 6d. The Dyer's Hand ; i)roceded 
by " The Way to God," by A. J. Ellis. Published at 2d. The 
three pamphlets sent togetiier, post f ^'ee, for 6d. 

Jeux d'Bsprit, written and spokon by French and English wits and 
humorists. Collected and edited by Hbnrt S. Lkioh. Published 
at 6s. ; 2s. 6d. P. 4d. 

Gastronomy as a Fine Art ; or, the Science of Good Livjpg : 
a translation of the " Physologie du Goiit " of Brillat-Savarin. By 
R. E. Andbbbon, M.A. Published at 6s. ; 28. 6d. P. i^d. 

The Philosophy of the Conditioned : with Criticisms on John 
Stuart Milrs Examination of Sir William Hamilton's Philosophy. 
By Professor Mansbl. 2s. P. 4d. 

Utilitarianism Explained and Exemplified in Moral and 
Political Government, in answer to John Stuart Mill. 468 pp., 
cloth, Is. €d. P. 6d. 

Thoreau : his Life and Aims : a Study. By H. A. Pagia, 
Author of "Life of Thomas de Quincey,** ♦'Memoirs cf Haw- 
thorne," &c. Richly gilt (published at 6s.), 2b. P. 4d. 
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The Scie&oe of Bzohangas.— By N. A. NicHOLSoif. Is. P. Sd, 

Ought to b« read by all interested in the currency question. 

Amerioan Poets. Selected and Edited by W. M. RosBin. Cloth 
crown 8vo., gilt edges, and richly gilt and illustrated coyers, 
512 pp., a very handsome book. 2s. P. 5d. 

Bise and Decay of Islam. By A. J. Dunn. 868 pp. 28. P. 6d. 

The Voice of the Nation, 1880. Being a Summary of the 
Results oi Elections in the United Kingdom, showing the Number 
of Registered Electors, the Number of Votes actually recorded for 
each, the Na^mes of all the Candidates, and Alphabetical Index for 
the New House of Commons. In colored wrapper, 40 pp. (Pub- 
libhed at 6d.) Post free l^d. 

The Principles of Human Knowledge, Being Berkeley's 
Celebrated Treatise on the Nature of the Material Substance (and 
its relation to the Absolute), with a brief introduction to the 
doctrine and full explanations of the text ; followed by an Appendix 
with remarks on Kant and Hume. By Oolltns Stmon, LLJ). 
Is. P. 3d. 

The Bights of Tenants of Eoclesiastical I^ands under 
the Irish Church Act, I860. By C. H. Todd. Crown 8yo, 
pp. 40; paper wrapper, Id. P. ^d. 

A Practical Manual of the Law of Sales of Food, Brinks, 

and Medicines, with a reprint of the Act of 1875 against 
Adulteration, with full notes of all the cases decided on the prior 
statutes, and on the legal rights and obligations of Manufac- 
turers, Sellers, and Dealers, with suggestions by a Chemical 
Analyst ; Alphabetical Index, List of Adulterations, and .^lalytical 
Tables and Forms. To which are added the principal clauses 
in the Explosive Substances Act, 1875, and Petroleum Acts, with 
notes of the cases thereon, by a Barrister and Magistrate. Stiff 
paper cover, post 8vo, pp. 80. (Published at 2s.) 8d. P. Id. 

The Life and Struggles of William LoTett^ in his Pursuit 
of Bread, Knowledge, and Freedom : an Autobiography. Demj 
8vo, cloth gilt, 473 pp. (Published at 5s.) Is. 6d. P. 6d. 

Selections from the Bnglish Poets from Spenoer to 
Shelley, with short literary notices. Bj Howabd Wilujucs, 
M.A. Crown 8vo, 452 pp. 2i. P. 5d. 

Exotics ; or, Bnglish Words from Latin Poets^ By E. N. 

HoASB, M.A., Dean of Waterford. Post 8vo, 334 pp., with 
thoroughly complete index. Is. 6d. P. 4d« 

The Association of Ideas, and its Influmiee on the Training ef 
the Mind. By the R^v. Jab. McCosh, LUD., Professor o^ Logio 
and Metaphysics, Queen's College, Belfaat. 86 pp., wrapper. 
(Published at dd.) Id. P. ^d. - Six copies post free for 6d. 

Who was St. Titus t The Soriptnre n^kioes on the smbjaot com- 
pared with reoeived opinions, by A. Enre, A^^ Demy 8vo, 350 pp. 
l8.6d. P. 4^d. 
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Tntramontcuiisni v. Oivil and Religious Liberty. By the 

celebrated Fathbb 0*Ebefb. Demy 8to, 270 pp., Is. P. 5d. 

"Tlie Genuine Book. An Inquiry and Delicate Investigation into 
the oondnct of Her Royal Highness the Princess of Wales, before 
Lords Erskine, Spencer, Grenville and EUenboroogh, the fonr 
Special Commissioners of Inquiry appointed by His Majesty in the 
year 1806, with appendices ; superintended through the press by 
the Right Hon. Spencer Percival. Boards (old), demy 8yo, 360 pp. 
(Published at 12s.) 3s. P. ^d. This book is now yery rare. 

The People^s Blue Book. Taxation as it is and as it should be. 
Revised, enlarged and brought down to the present time, with a 
supplemental chapter on Ireland, by G. Tenant. Stiff paper 
wrappers, crown 8vo, 970 pp., 2s. P. 6Jd. 

iPolitical Bights of the British People : How acquired, 
retained, or forfeited ; with a sketch of such rights under ancient 
and modem Republics, by J, A. Dban. Crown 8vo, 368 pp., cloth 
gilt, Is. 6d., or in boards. Is. P. 4^d. 

JCilton's Poetical Works. Cloth, gilt, 16mo, steel frontispiece, 
420 pp., new. Post free Is. 

'Oriental Customs ; or, an Illustration of the Sacred Scriptures by 
an Explanatory Application of the Customs and Manners of the 
Eastern Nations, especially the Jews therein referred to. Collected 
from the most celebrated travellers and most eminent critics, 
by Samubl Bubdbn, D.D. Boards, demy 8vo, 500 pp. 2s. 6d. 
P. 6d. 

'The Secret Histox^ of ''The International'' Working 
Men's Association. By Onslow Yobkb. This work (pub- 
lished at 2s.) contains many curious facts concerning the principal 
actors in the socialistic and communistic movements in Europe. 
This book has often been referred to in debates in the House of 
Commoner in the Chamber of Deputies in Paris, and in the German 
Parliament. Crown 8vo, 16B pp., limp cloth, 6d. P. 2d. 

IContenegro : its People and their History. By W. DENToir, 
M.A., author of " Servia," " The Christians of Turkey,** etc. With 
map, cloth gilt, crown 8vo, 292 pp., Is. 6d. P. 4d. 

"Class Despotism, as exemplified during the four years' struggle 
for freedom in the United States ; and The Evils of Individnad 
Wealth, considered as affecting the wAll-being and lives of the mass 
of a people Cloth gilt, 836 pp., 4d. P. 2d. 

'The Year Book of Facts in Stienoe and Art By James 
Kasok.' Tbis very useful book contains a complete record of the 
inventions, improvemsBts, and all matters of interest im connexion 
with Chemistry, Oeolegy, Botany, Zoology, etc., etc., in 1878, and 
a full report of the P^sident's Speech at. the British Asso- 
ai»tion. New, oloth gilt, crown 8vo, 210 pp., Is., or in boards 7d. 

P. a^. 
'2Ch6.9istor7 oi Ck>-«^ratioa in Valilisx By O. J. Holt- 

OAKB. 4d. P. Id. 
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Theology for the People. By E. db Penthbny O'Kellt. Pub- 
lisked by G. J. Holyoake. Cloth gilt, 9d. P. 3d. 

Pamphlets by John Watts.—" The Christian Doctrine of Man's 
Depravity refuted," " Christian Theory of the Destruction of the 
World Refuted." The two, post free, 2d. 

Lord Broug^ham's Speeches on Social and Political Sub- 
jects, with historical introductions. Post Syo, cloth, 460 pp. 
(published at 5s.), Is. P. 4Jd. 

Travels in the Slavonic Provinces of Turkey in Europe. 
By G, MuiB Mackenzie and A. P. Isbby, with a preface by the 
Right Hon. W. E. Gladstone. This splendid work, published in 
1877, is the most complete ever issued on the subjoet, contains 
21 full-page illustrations with other views, and an excellent 
colored map. Published in 2 vols, at 28s. Now offered, hand- 
somely bound in 1 vol., 3s. 6d. 

Curtis's Theology Displayed: a Review of th© Origin and Utility 
of the Christian Religion. Cloth, 9d. P. lid. — Paper covers, 6d. 
P. Id. 

How did England become an Oligarchy f Addressed t» 
Parliamentary Reformers, with a Short Treatise on the First 
Principles of Political Government. By J. Duncan, Esq. Limp 
cloth, 3d. P. Id. 

The Inherent Evils of all State Governments Demon- 
strated, being a reprint of Edmund Burke's celebrated essay 
entitled " A Vindication of Natural Society," with notes ; and an 
appendix briefly enunciating the principles through which "Natural 
Society" may be gradually realised. 66 pp., 3d. P. Id. Pub- 
lished at Is. 

Essay on the Human Mind. By E. Bushbt, B.D. Stiff paper 
covers, 76 pp. 3d. P. Id. (Published at 2s. 6d.) 

Modern Protestantism : a few words on Essays and Reviews. By 
G. J. Holyoake. Published at 6d. Post fr©« 1^. 

Thomas Cooper's Celebrated Eight Letters to the Young Men 
of the Working Classes. Post free 3d. 

Horatio Prater's Letters to the American People on Christianity 
and the Sabbath. (Published by G. J. Holyoake, Fleet Street.) 
Cloth, new, 8d. P. 2Jd. Paper covers 6d. P. 2d. 

Political Poems. By Victor Hugo and Garibaldi. Id. P. Jd. 

The National Inheritance : an Exhaustive Treatise on the Land 
« Question. By James Walker. 16 pp., demy 8vo, stitched, Id. 
P. id. 

Address to Socialists on the Rational System of Society, and 
the measures required for the successful operation of the Universal 
Community Society. By Robert Owen. Free l^d. 

Lord Byron's. " Vision of Ju^ginent." 24 pp., stitched, in 'wrapper, 
free 2d. 
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^ '[Voire Darnel" A Freethinker's address to the Hierarchy of 
^e Ohnrch of Rome. By R. H. Dalton, anthor of " Education of 
Girls,** etc (Published at Is.) Post free, 1^. 

Vol. 1 of " Health.** A Monthly Magazine, edited by Q. Dbbwbt, 
M.D. Containing the whole issues for 1878, full of interesting 
articles on food, dress, diseases, sanitary matters, &o., &c. (Pub- 
lished at 2s.) Oloth, new, 6d. P. 4d. 

An Bssay on the Functions of the Brain. In paper wrapper, Id. 

The complete Works of Shakspere, with a Memoir. By 
Albxandeb Chalmebs. Handsomely bound, richly gilt covers, 
708 pp., Diprose's diamond edition, Is. 6d. P. 5d. Very suitable 
for presentation. 

Russian and Turk from a Geographical, Ethnological, and His- 
torical point of view. By R. G. Latham, M.A., M.D. Royal 8vo, 
436 pp., 8s. 6d. P. 8d. 

An Inquiry into the Theories of History, with special refer- 
ence to the principles of the Positive Philosophy. By W. Adam. 
Dealing with the philosophy of Gomte with great care and critical 
ability. This work was favorably noticed by J. S. Mill. Demy 
8vo, 441 pp., 38. P. 7d. 

Brief Biographies of German Political Leaders, mcluding 
Bismarck, Amim, Gamphausen, Lasker, Jacoby, Sonneman, Gueist, 
Virchow, etc., etc., in all nineteen principal men in the country. 
Crown 8vo, 264 pp., 28. P. 4d. 

Political Pamphlets by Thomas Paine — ^^ Decline and Fall of 
the EngJish System of Finance;" "Public Good;" "Letters to 
the Citizens of America ; ** ** Agrarian Justice opposed to Agrarian 
Law and Agrarian Monopoly, with a plan for creating a National 
Fund ; " " Dissertations on the First Principles of Government.** 
The five free for 6d. 

Pamphlets by B. D. Owen — ''A Lecture on Consistency;'* 
" Situations — Lawyers, Clergy, Physicians, Men and Women ; ** 
** Darby and Susan: a Tale of Old England;" <« Wealth and 
Misery;** ''Neurology: an Account of some Experiments in 
Cerebral Physiology ; ** " Sermon on Free Enquiry,** etc Id. each. 
P. Jd. Or the whole free for 6d. 

Letter to the Abbe Sajrnal, in correction of his Account of the 
Revolution in America. By Thokas Paimb, with correspondence 
between the writer and George Washington. 64 pp., stitched in 
wrapper (published at 6d.), free 3d. 

Address delivered by Bobert Owen on the Opening of the 
Institution for the Formation of Character at New Lanark, on 
January 1st, 1816, being the first public announcement of the 
discovery of the Infant School System. Demy 8vo, 32 pp., stitohed 
in wrapper, free 2d. 

Indian Infanticide : its Origin, Progress and Suppression. Con- 
taining a large amount of information respecting the Social Life of 
the Hindus. 250 pp., la. 6d. P. 4d. 
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An Inquiry into the Nature of Responsibility, as deduced 
from Savage Justice, Civil Justice, and Social Justice ; with some 
Remarks upon the Doctrine of Irresponsihility as taught by Jesus 
Christ and Robert Owen ; also upon the Responsibility of Man to 
God. By T. Simmons Macintosh, author of <^The Electrical 
Theory of the Universe." 124 pp., 6d. P. 1 Jd. 

The Life and Writings of Joseph Priestley. Paper covers. 
Id. 

Personal Narrative of Travels in Eastern Lands, principally 
Turkish, in 1833, m a Series of Letters, 67 in all. By Professor F. W. 
Newman. The letters are full of most interesting matter concern- 
ing Eastern Social and Political Life. Crown 8vo, paper covers^ 
120 pages of close print, 6d. P. IJ^. 

Household Words. — Conducted by Chables Dicejsns. Strongly 
bound. Each volume, 2s. ; published at 5s. 6d. 

Vol. 9 contains the whole of the essays on Turkey and Greece, 
by G. A. Sala, under the title " A Roving Englishman," written 
at the close of the Crimean War. 

Vol. 14 contains the story of " The Wreck of the Golden Mary," 
also the famous papers by G. A. Sala, " A Journey due North," 
and " A Journey to Russia.' 

Pamphlets by Q. J. Holyoake. — "Working-class Representa- 
tion and its Conditions and Consequences ; " " Outlaws of Free- 
thought ; " " The Limits of Atheism ; or. Why Should Sceptics be 
Outlaws ; " " The Social Means of Promoting Temperance," with 
remarks on errors in its advocacy; " A New Defence of the Ballot ; ^ 
' " Life and Last Days of Robert Owen, of New Lanark ; " " The 
Suppressed Lecture at Cheltenham ; " " Public Lessons of the 
Hangman." The lot, post free, 8d. 

Oredibility of the Gospel Narratives of the Birth and 
Infancy of Christ, with an Introduction on the Acts of the 
Apostles. A critical analysis of the contradictions of the Gospel 
Writers. 91 pp. (published at Is. 6d. by Thomas Scott), 6d. 
P. Id. 

Biographies of John Wilkes and William Cobbett, with 
steel engravings. By the Rev. J. S. Watson, M.A. Good index, 
410 pp., 2s. 6d. P. 6d. 

Historical Studies and Recreations. By Shosheb Chukder 
DuTT (J. A. G. Barton), author of ^^Be9galiana," etc. Containing 
the World's History retold, in two parts : the Ancient World and 
the Modem World. Also Bengal, an account of the Country from 
the earliest times, the Great Wars of India, the Ruins of the Old 
World, read as Milestones of Civilisation. 2 vols, 9vo, cloth, new, 
uaout. Vol I. pp. 470; vol. II. pp. 600. (Published at 32s.) 
58. 6d. 

The Eternal Gospel ; or, the Idea of Christian Perfectibility. By 
N. W. Maokay, M.A. (Published at 28. by Thomas Scott.) In 
two Parts, 200 pp. in all^ 6d. P. 2d. 
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Phraseological Notes on the Hebrew Text of the Book of Genesis. 
By TuEC/DoBB P&BSTON, M.A. Illustrating the remarkable 
pecnliarities and anomalies of matter, style, and phrase in the 
Book of Genesis, with references to Rashi, Aben Ezra, Gesenius, 
eto., etc. Crown 8vo, pp. 290, 2s. P. 4^d. 

THE QOLDEN LIBBABY SEBIES— Bayard Taylor's Diver- 
sions of the Echo Club — The Book of Clerical Anecdotes — ^Byron's 
Don Juan — Emerson's Letters and Social Aims — Godwin's (William) 
Lives of the Necromancers — Holmes's Professor at the Breakfast , 
Table — Hood's Whims and Oddities, complete, with all the original 
illastrations — Irving's (Washington) Tales of a Traveller — ^Irving's 
(Washington) Tales ot the Alhambra — Jesse's (Edward) Scenes 
and Occupations of Country Life — Leigh Hunt's Essays, with 
portrait and introduction by Edmund Oilier — Mallory's, Sir Thos. 
Mort d'Arthur, the Stories of King Arthur and of the Ejiights of 
the Round Table ; edited by B. Montgomery Ranking — Pascal's 
Provincial Letters ; a new translation, with historical introduction 
and notes by T. M'Orie, D.D., LL.D. — Pope's Complete Poetical 
Works — Rochefoucald's Maxims and Moral Reflections, with notes 
and introductory essay by Sainte-Beuve — St. Pierre's Paul and 
Virginia, and the Indian Cottage ; edited, with Life, by the Rev. 
B. Clarke — Lamb's Essays of Elia; both series complete in one 
volume. Handsomely bound. Reduced to Is. each. If sent by 
Post 3d. each extra. 

Jissays — Scientific, Political, and Speculative. (Second 
Series.) By Herbert Sfengeb. (Published at 12s.) Demy 8vo, 
862 pp., 3s. 6d. P. 6d. A rare opportunity. 

JCatter and Motion. By N. A. Nicholson, M.A., Trinity College, 
Oxford. 48 pp., demy Svo, 8d. P. Id. 

'The Year Book of Facts for 1880. Contaioing the principal 
disco veries*in Geology, Dynamics, Geography, etc., with the Speech 
of the President at the British Association Congress of that year, 
with Index. 210 pp., 7d, P. 8Jd. 

Practical Remarks on State Vaccination, addressed to the 
Smallpox and Vaccination Committee of the Epidemiological 
Society. By Edward J. Hughes, M.D., Medical Officer to the 
Holywell Union. 32 pp., demy Svo, Id. P. ^d. 

'The Crimea and Transcaucasia; being the narrative of a 
journey in the Eouban, in GK>aria, Georgia, Armenia, Ossety, 
Imeritia, Swannety, and Mingrelia, and in the Tauric Range. By 
Commander J. P. Tblfbb, R.N. With two fine Maps and nume- 
rous Illustrations ; two vols, in one, splendidly bound in cloth, gilt 
edges, royal Svo, 600 pp. (Published at £1 168.) A handsome 
presentation book« 5s. 

Ah Essay on Classification. By Louis Aoassiz. Svo. Pp. vii. 
and 881. Cloth. (Published at 12s.) Reduced to 3s. P. 6d. 

Idght, and its Influence on Life and Health. By Dr. 
Forbes Winslow. 301 pp. Is. P. 4d. 
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TTiiTwifn Longevity ; and the amount of life upon the globe. — ^By P. 
Flourbns, Professor of Gomparatiye Physiology, Paris. Trans- 
lated by Charles Martel. Boards, Is. P. 2^. 

The Meteoric Theory of Saturn's Bings, considered with 
reference to the Solar Motion in Space. With illustrations.'? Paper 
wrapper, crown 8vo, Id. P. Jd. 

The Human Mind. A System of Mental Philosophy. By J. G. 
MuRPHT, LL.D. Cloth, crown 8vo, 360 pp., 2s. P. 5d. 

The Modem Practice of Physic, exhibiting the symptoms, 
causes, prognostics, morbid appearances and treatment of the 
diseases of all climates. By R. Thomas, M.D. Eleventh edition, 
revised by A. Frampimn, Physician London Hospital. In 2 vols., 
royal 8vo, 564 pp. and 756 pp. This work contains a great 
number of recipes and prescriptions for all kinds of diseases, each 
given in both Latin and English. With a copious index and table 
of contents. 6s. 

The Finding of the Book. An essay on the origin of the Dogma 
of Infallibility. By John Robbrtson. This is the important 
work which provoked the famous heresy prosecution. Published 
at 2s. Post free Is. 

The Irish Problem and how to solve it. An historical and 
critical review of the legislation and events that have led to Irish 
difficulties, including suggestions for practical remedies. Cloth, 
demy Svo, 410 pp. This work is only just issued, and brings the 
History of the Irish Question up to the present time^ and contains 
in addition to Oompensation for Disturbance Bill, several Acts 
of Parliament, including the Coercion Bill of the present year. 
2s. P. 9d. 

The Bights and Duties of Property. With a plan for paying 
off the National Debt, dealing with the Science of Political 
Economy, the Land Question, etc., etc. Cloth, 260 pp. 6d. P. 8d. 

Satan: His existence disproved, and the notions of Battles in 
Heaven and of Fallen Angels shown to have originated in Astro- 
nomical Phsenomena. Id. P. |d. 

Intervention and Non-Intervention on the Foreign Policy 
of Great Britain, from 1790 to 1865, By A. G. Staplbton. 
Demy Svo. 300 pp. 28. P. 6d. 

Beply to Bishop Watson's attack on the ^* Age of 
Reason." By Thomas Paine. Id. P. ^d. 

Splendid Steel Portraits of Lord Brougham, John Bright and 
Bichard Oobden. 24 by 18. Is. each ; or the three for 28. 6d. 

The Pentateuch and Book of Joshua in Contrast with the 
Moral Sense of oar Age. Published at 6s. 6d. in parts. By the 
late Thomas Scott. In I vol. complete. 2s. P. 5d. 

CQiristianit^ in the Nineteenth Oentury. A Religions and 
Philosophical Survey of the Immediate Past. By Etibnks 
Ohastbl, Professor of Ecclesiastical History at the University of 
Geneva. Translated by J. Beard. Oloth, crown Svo, 236 pp.» 
Is. P. 3Jd. 
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The History of Christianity. By E. N. Bouziqub. Translated 
by J. BflABD. In three vols., nearly 400 pp. in each, orown 8yo, 
cloth. 58. 

Ohildren's Aihnents: how to distinguish and how to treat 
them. A manual of nursery medicine, addressed to mothers and 
nurses and to all who are interested in caring for the little ones. 
By WiLUAM Booth, L.R.O.P. Ed., etc., etc. This extremely use- 
ful little work, published at 2r., gives the symptoms and modes of 
treatment of nearly 100 ailments, instructioos for the general 
management of young children, and 47 prescriptions with a table 
of doses for all diseases. Sd. P. Id. 

The Anti-Papal Library.— "How did we come by the Reforma- 
tion?" by JT R. Beard ; ** The Dragonnades of Louis XIV., or the 
barbarous atrocities of Romanism under Pope Innocent XI.,** by 
E. A. Bouzique ; '* Mary Alacoque and the Worship of the Sacred 
Heart of Jesus, presented in their real character," by Louis Asse- 
Hne ; " Coalition of the Thermal and Mineral Waters of France 
against the Sacred Waters of Lourdes and La Salette." These 
pamphlets, written by eminent advanced writers and translated 
by the celebrated Unitarian, J. R. Beard, are full of information 
concerning the frauds and impostures of the Romish Church. 
Published at 4d. and 6d. each. The four post free for 4d. Also 
in the same series — *' Confession in the Church of Rome : what it 
is and what it does." By the noted writer, M. Morin ; translated 
by J. R. Beard. Published at Is. 80 pp. 3d. P. Id. 

Budiments of Geology. By Samuel Sharp, F.S.A., F.G.S. In- 
troductory, Stratigraphical and Palseontological ; with exhaustive 
Table of Classification of Geological Formation. Cloth, 6d. P. 2d. 

The Story of the Ashantee Campaign. By Winwood Rbadb, 
the Times Correspondent (author of the ^ Outcast "). With 
colored map, cloth, crown 8vo, gilt, 440 pp., 2b. 6d. P. 6d. 

Iiudwig Borne. Recollections of a Revolutionist, by Hsinbich 
Hbike ; Abridged and Translated by T. S. Eoan. 28. P. 3^d. 

Bnglish Fragments, from the German of Hbinbich Hbinb. Trans- 
lated by S. NoKRiB. Cloth, Is. 6d. P. 2^d. 

Health Leotores for the People. — Causes Reducing the Effects 
of Sanitary Reform — Clothing — Gk>od Nursing, and its Necessity 
in the Treatment of Disease — The Loss of Wealth by Loss of 
Health — How a Tenant may Make his Cottage Healthy and Com- 
fortable — ^Defective Drainage as a Cause of Disease— The House 
Water, its work of purification — Personal and Household Arrange- 
ments in Relation to Health — Health and Recreation in ChUd- 
hood — Consumption — Sick Nursing among the Poor. The whole 
of these by eminent authorities. The twelve, post free. Is. 

Science Iiectures for the People. — The Functions of the Brain — 
The Birds of the Globe — Insectivorous Plants — The Modem 
History of Gunpowder — ^Edison and some of his Inventions — The 
Sun— On Certain of the Phasnomena connected with Solution and 
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Crystallisation — Mental Evolution — The Aborigines of Tasmania — 
Suspected Relations between the Sun and Planets — Palestine im 
its Physical Aspects — The Relation of Structure to Function in 
Animal Organisms. The whole of these by the best liTinj^ 
scientists. The twelve, post free, Is. 

Our Hereditary Legislators.— Six Letters on the House of 
Lords, by "Verax,'* reprinted from the ^Manchester Weekly 
Times." 32 pp. Post free, 1 Jd. 

The Irish Land Act: will England demand it P— Illustrated 
by Tales of My Tenants. By an Anglo-Irish Tenant Farmer. 
176 pp. 6d. P.2Jd. 

Tree Sale of Tenant Bight, with fair but strict terms by 
mutual agreement between Landlord and Tenant. — A 

practical settlement of the Land Question in Ireland. By J. G. 
V. Porter, Esq. Paper covers, 84 pp. Post Free, 4d. 
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Elementary Chemistry. By Rey. H. Mastth Habt, B.A. Is. 

P. S^d. 
A. Compendium of English History. From the Earliest Times 
to A^D. 1872. With copious quotations on leading events and Con- 
stitutional History, with Appendices. By Herbert R. GuNTOir. 
368 pp. Published at 7b. 6d. 28. 6d. P. 6d. 

First Book of English Grammar. By John. Hugh ELiwlet. 
Third edition. Cloth, 3d. P. Id. 

Xatln Qranmiar. By L. Dirbt. Pp. 179. Neatly bound. (Pub- 
lished at 4s.) 6d. P. 2d. 

English Grammar. By L. Dirbt and A. Fogoo. Pp. 136. 

(Published at 3s.) 6d. P. 2jd. 

The Life of Cioere. By Contbrs Middletok, D.D. Complete 
in one volume, with copious index and steel frontispiece. Demy 
8vo, 760 pp. 28. 6d. P. 9jd. Very cheap. 

Facts and, Figures, Important Events in History, Qeography, 
Literature, Biography, Ecclesiastical History, etc., etc. Arranged 
in classified chronological order. Post free, 6d. 

Slements of Chemistry, Theoretical and Practical, including the 
most recent discoveries and applications of the science to medicine 
and pharmacy, to agriculture, and to manufacture. Illustrated 
by 230 woudcuts, with copious index. Second edition. By SiB 
Robert Kane. M.D., M.R.I.A., President of Queen's College, Cork. 
Cloth, royal 8vo, 1069 pp. Price, 8s. 6d. 
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JSale'fl Anatomy and Pliysiolos^ of Man. Students' edition. 
Profusely illustrated (published at 10s. 6d.), for Ss. 6d. P. 6d. 
And the same work, School edition (published at 7b. 6d), for 2s. 6d. 
P. 4Jd. 

Parker's Oompendium of Natural and Experimental 
Philosophy, Mechanics, Hydrostatics, Acoustics, As- 
tronomy, etc., etc. Post 8yo, profusely illustrated, 400 pp. 
Is. 6d. P. 8Jd. 

The Elements of Agricultural Chemistry and Geology. 
By the late Professor J. F. W. Johnston and G. A. Cameron, 
Prof. Chemistry, R,O.S., etc., etc. Post 8vo., 600 pp., tenth 
edition; 2s. P. 4^d. 

Elements of Astronomy, for Academies and High Schools. By 
EuAS Loouis, LL.D. Well illustrated, crown 8vo. 2s. 6d. P. 4d. 

Orabbe's Technical Dictionary of all the Terms used in the Arts 
and Sciences. Post Svo, 600 pp., 2s. P. 5d. 

The Child's Ladder of Knowledge. By 6. J. Holyoake» 
Illustrated (published at 8d.), post free 4d. 

The Students' Chemistry. Being the Seventh Edition of House- 
hold Chemistry, or the Science of Home Life. By Albert J. 
Bebnayh, Ph.D., F.C.S. 347 pp., well illustrated, la. 6d. P. 4Jd. 
This book is one of the best standard authorities. 

Brief Notes on Chemistry ; with Tables on the Metallic and 
Non-Metallic Elements, and Concise Tables for Chemical 
Analysis. By W. Grooms, M.A., etc., Head Master of the Beds. 
Middle Glass School. Both these works, extremely useful to 
students, are bound in limp cloth, demy 8vo. The two 6d. 
P. l^d. Also by the same author, 

A Concise Treatise on Music, Musical Harmony, and 
Thorough Bass. Illustrated, Ump cloth, 80 pp., demy Svo, Sd. 
P. Id. 

One Thousand Geometrical Tests. Comprising exercises in 
Mensuration, Euclid, Practical Geometry, and Trigonometry; 
specially adapted by a novel arrangement for examination pur- 
poses, but suited also for general use in schools. By Thomas S. 
Gatzbb, Head Master of Queen Elizabeth Hospital, Bristol. 82 pp., 
cloth, demy 8vo, Bd. P. 2d. 

Hallam's Constitutional History of England. Pp. 970. 
88. 9d. P. 8d. 

Hallam's Europe during the Middle Ages. 720 pp. 2s. 8d. 

P. 6d. 
Volney's Lectures on History. Post-free, 6d. 

The Philosophy and History of Civilisation. By Alexander 
Alison, Oloth, Royal 8vo, 478 pp., 2s. P. 7d. 

The Child's Reading Book. By G. J. Holtoakb. Illustrated, Id. 

History of Civilisation in the Fifth Century. Translated 
from the French of A. Fr6d6ric Ozanam by Ashley C. Glynn. 
B.A. 2 vols, in one, 470 pp., an excellent work, 2s. 6d. P. 6^d. 
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The Principles of Language Exemplified in a Praotioal 
English Grammar. With copious exercises. By J. G&anb. 
364 pp. 6d. P. 3d. 



HALL OF SGOENCE MANUALS. 

I. — Light, Heat, and Sound. By Anmib Bbsant. In three 
parts, 6d. each. Illustrated. Bound in limp cloth, Is. 6d. ; 
cloth, 28. 



The whole of the late Thomas Scott's publications still 
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Weekly — ^Pbicb Twopence. 

Post free to any part of Great Britain, Europe, Egypt, the United 
States^ and the whole of British America, lOs. lOd. New Zealand, 
Australia, British African Colonies, South Ainerica,We8t Indies, Ceylon, 
and China, via United States, 13s. India, Japan, and China, via 
Brindisi, 15s. 2d. per annum. 

With its large and constantly-increasing circulation, The National 
Keformbb — which ie constpjitly reviewing works on Theology, Phi- 
iosophy. Politics, and Sociology — is an admirable Advertising Medium 
especially for Publishers. 
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